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SUMMARY 


The  toxic  effects  of  organophosphorous  poisons  are  mainly  attributed 
to  their  blocking  of  the  catalytic  activity  of  acetylcholinesterase  (AChE 
or  acetylcholine  acetyl  hydrolase,  EC  3. 1.1. 7)  within  neuromuscular  junc¬ 
tions  and  cholinergic  synapses.  However,  anple  evidence  suggests  that  a 
considerable  part  of  the  hunan  enzyme  Is  Involved  In  functions  other  than 
cholinergic  transmission.  In  addition,  hunan  AChE  Is  a  highly  polymorphic 
protein  with  an  Intricate  regulation  pattern,  and  it  Is  unknown  yet  what 
steps  are  Included  In  the  pathway  for  AChE  biosynthesis  and/or  regulation. 
To  tackle  this  complicated  research  problem,  it  is  Important  to  distin¬ 
guish  between  the  different  forms  of  AChE.  However,  it  is  not  clear  yet 
whether  these  forms  are  produced  from  discrete  genes  or  by  post- transcrip¬ 
tional  and  post- trans  1  aticnal  processing.  In  addition,  the  amino  acid 
sequence  of  the  various  AChE  forms  has  not  been  revealed.  This  Issue  Is 
being  approached  in  our  research  group  by  simultaneous  experiments  at  the 
levels  of  DNA,  of  mRNA,  and  of  the  active  brain  enzyme.  In  the  following 
report,  we  present  evidence  suggesting  that  both  poet-transcripticnal  and 
post-translational  regulation  events  contribute  to  the  ccnplex  expression 
pattern  of  AChE  in  the  developing  and  the  mature  human  brain. 

(1)  cDNA  clones  of  hunan  fetal  brain  and  liver  origins  were  selected 
out  of  lambda-gtlO  libraries  by  synthetic  ol  igodecxynucleotides  ending  for 
the  organophosphate  binding  site  of  cholinesterases  (ChEs)  and  are  being 
characterized  In  detail,  sequenced  and  expressed  to  yield  AChE-like  pro¬ 
teins  within  bacterial  cells. 

( 2 )  Human  genomic  DNA  fragments  were  selected  out  of  Charon  4a 
library  by  synthetic  oligodeoxynucleotldes  coding  far  the  N- terminal  pep¬ 
tide  of  erythrocyte  AChE  and  are  being  studied. 

(3)  The  bioassay  which  we  previously  developed  for  the  translation  of 
ChE  mRNA  has  been  improved  and  refined  for  studying  the  post-translational 
processing  of  nascent  AChE  molecules. 

(4)  The  polymorphism  of  fetal  brain  AChE  was  studied  in  discrete 
brain  regions,  aiming  to  correlate  at  a  later  stage  particular  AChE  DNA 
sequences  to  their  descendant  mRNA  species  and  protein  products. 

(5)  Autoimmune  antibodies  against  human  muscle  AChE  were  discovered 
and  characterized  in  a  case  of  severe  neuromuscular  dysfunction,  it  is 
not  clear  yet  whether  AChE  was  the  primary  target  for  the  immunological 
reaction  or  whether  the  anti -AChE  antibodies  are  anti-idiotypes  to  natural 
antibodies  directed  against  organophosphorous  Insecticides.  This  issue  Is 
being  examined.  In  both  cases,  however,  our  findings  inply  that  antibod¬ 
ies  against  muscle  membrane  AChE  may  play  a  major  role  In  eliciting  neuro¬ 
muscular  dysfunction,  neuropathy,  and  muscle  atrophy. 

Altogether,  this  research  aims  to  reveal  how  the  neurotransmitter 
hydrolyzing  enzyme  AChE  can  be  produced  in  anple  quantities  from  cloned 
human  DNA  to  be  employed  for  further  analyses  and  for  therapeutic  purposes 
against  organophosphate  poisoning. 
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1.  STATEMENT  OF  THE  PROBLEM 


1.1  The  Basic  Itoooorch  Problem 


The  route  to  the  biosynthesis  and  regulation  of  brain  cholinesterases 
(ChEs)  is  unknown  yet,  which  leaves  open  several  questions  of  considerable 
importance: 


1.  Are  the  various  ChE  farms  produced  from  discrete  genes,  or  is 
their  biosynthesis  regulated  by  post-transcriptional  and/or  poet-transla- 
ticnal  processing? 


2.  Are  the  multisubunit  farms  of  brain  acetylcholinesterase  (AChE) 
oonposed  of  similar  polypeptides  with  identical  amino  acid  sequences,  or 
of  different  polypeptides  with  distinct  domains  which  distinguish  particu¬ 
lar  subunits  from  others? 


3.  What  is  the  biosynthetic  origin  of  ChEs  in  different  subcellular 
locations  within  the  brain  tissue?  Was  the  soluble  fraction  of  brain  AChE 
originally  destined  to  be  cytoplasmic  and/or  secreted,  or  has  it  been  pro¬ 
duced  from  membrane-associated  amphipathic  form(s)  of  the  enzyme  via  enzy¬ 
matic  cleavage  of  their  hydrophobic  domains? 


4.  What  are  the  biological  roles  of  AChE  in  ncnchollnergic  brain 
cells  and  of  butyrylcholinesterase  (peeudo-ChE  or  acylcholine  acylhydro- 
lase,  EC  3. 1.1. 8)  in  the  brain  in  general? 


5.  Is  there  an  interrelationship  between  the  regulation  of  AChE  and 
of  the  muscarinic  acetylcholine  receptor  in  the  mammalian  brain? 


of  Cholinesterase  Research  for  Clinically  Oriented  Issues 


In  addition  to  its  importance  as  a  subject  far  basic  research,  the 
study  of  ChEs  bears  several  implications  for  clinical  purposes: 


1.  Genetic  deficiencies  in  serum  pseudo-ChE  in  humans  (up  to  0.05%  of 
homozygotes  in  the  Caucasian  population)  result  In  prolonged  apnea  follow¬ 
ing  the  use  of  succinylcholine  during  anesthesia  (1)  This  clinical  compli¬ 
cation  could  be  diagnosed  by  a  rapid  method  to  detect  such  deficiencies  or 
prevented  by  injecting,  as  a  scavenger,  active  human  pseudo-ChE,  which 
would  degrade  the  excess  of  drug.  Purified  human  ChE  can  be  used  simi¬ 
larly  to  scavenge  organophorphorous  poisons,  which  act  by  blocking  AChE 
(2)  in  cases  of  intoxication  with  these  compounds  (3).  The  use  of  syn¬ 
thetic  preparations  of  the  pure  enzyme  from  cloned  human  genes  would  con¬ 
siderably  decrease  the  expenses  involved  and  promises  to  widen  the  use  of 
this  approach. 


2.  Tetramarlc  AChE  is  secreted  into  the  amiotic  fluid  in  cases  of 
neural  tube  closure  defects  (4)  but  its  detection  is  rather  laborious  (5). 
A  sinple  radioimmunoassay,  using  specific  antibodies  for  the  tetrameric 
farm  of  AChE,  would  be  highly  valuable  for  the  routine  detection  of  such 
defects. 


3.  The  tetrameric  farm  of  AChE  is  selectively  lost  from  particular 
regions  in  the  brains  of  patients  suffering  from  senile  dementia  of  the 
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Alzheimer  type  (7).  Antibodies  directed  against  this  form  of  the  enzyme 
could  hence  be  enployed  to  develop  a  method  for  the  clinical  diagnosis  of 
this  disease. 

Thus  both  for  basic  research  and  multiple  clinical  purposes,  AChE  is 
clearly  an  important  protein  to  be  studied  extensively  and,  preferably,  at 
all  levels  of  the  pathway  for  gene  expression.  In  this  report,  we 
describe  the  simultaneous  use  of  in  vitro  and  in  ovo  translation  systems 
far  the  synthesis  of  ChEs  from  human  brain  mRNA.  When  combined  with  sev¬ 
eral  biochemical  and  immunochemical  approaches  for  the  characterization  of 
the  nascent  ChEs  produced,  and  with  the  use  of  molecularly  cloned  ChEs  DNA 
sequences,  these  experiments  strongly  suggest  that  both  post-transcrip¬ 
tional  and  post-translational  processing  events  play  inpartant  roles  in 
the  production  of  the  polymorphic  forms  of  AChE  within  the  developing  and 
the  mature  human  brain. 


1.3  Sutinary  of  the  Research  Dene  Under  Previous  Contract,  DAMD 
17-82-C-2145 

In  the  research  done  under  Contract  DAMD17-82-C-2145 ,  we  studied  the 
biosynthesis  of  mammalian  ChEs  simultaneously  at  three  levels  of  gene 
expression. 

1)  At  the  level  of  DNA:  A  genomic  fragment  of  human  DNA  directly 
related  to  AChE  biosynthesis  was  isolated  for  the  first  time  by  its  homol¬ 
ogy  to  Drosophila  DNA  from  the  vicinity  of  the  Ace  locus,  which  controls 
AChE  expression. 

To  focus  on  the  domain  which  codes  for  the  active  site  in  ChE  genes, 
synthetic  oligodeaxyrucleotides  were  prepared  according  to  the  recently 
published  consensus  peptide  sequence  from  the  organophosphate  binding 
region  of  ChEs.  Two  lambda-gtll -cloned  complementary  DNA  chains  from  the 
AChE-rich  mouse  neuroblastoma  cells  were  selected  by  their  hybridization 
with  these  probes.  Both  were  expressed  in  their  host  bacteria  to  yield 
AChE- like  fusion  proteins,  immunoreactive  with  anti -AChE  antibodies. 

2)  At  the  level  of  mRNA:  We  have  developed  and  refined  a  novel 
bioassay  to  monitor  the  level  of  ChE  mRNA  using  microinjecrted  Xenopus 
oocytes,  where  catalytically  active  and  inmunoprecipitable  ChEs  are  pro¬ 
duced  from  such  mRNAs.  Using  this  sensitive  assay,  we  studied  the  post- 
translational  processing  of  nascent  AChE  molecules.  Thus,  we  have  shown 
that  ChE  mRNAs  are  polymorphic  and  are  expressed  in  a  tissue-  and  cell- 
type  specific  manner.  We  have  also  identified  ChE  DNA  sequences  by  their 
ability  to  hybrid-select  oocyte- translatable  ChE  mRNA  chains. 

3)  At  the  level  of  protein:  The  polymorphic  hunan  ChEs  were  studied 
in  various  brain  timers  and  in  discrete  regions  of  the  developing  fetal 
brain.  The  parameters  determined  included  sensitivity  to  selective  inhib¬ 
itors,  sedimentation  properties  in  sucrose  gradients,  interaction  with 
nonlonic  detergents  and  other  biochemical  properties. 
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2.  BACKGROUND 

2.1  Regulation  and  Properties  of  Mammalian  Cholinesterases:  Research 
Importance,  Advantages  and  Difficulties 

2.1.1.  Acetylcholinesterase  as  a  major  cholinergic  constituent 

Within  cholinergic  synapses  and  neuromuscular  junctions,  the  neuro- 
transmitter  acetylcholine  Is  rapidly  hydrolyzed  by  the  serine  esterase 
AGhE  (acetylcholine  acetyl  hydrolase,  EC  3.1. 1.7).  AChE  appears  in  numer¬ 
ous  cell  types,  tissues,  and  organisms  (8),  albeit  in  extremely  low  con¬ 
centrations  and  In  multiple  molecular  forms  (9).  The  various  ChE  forms 
differ  In  their  substrate  specificity  and  sensitivity  to  selective  inhib¬ 
itors  (10),  In  their  glyoosylation  patterns  (11),  in  their  hydrophobic! ty 
(12),  and  In  their  sedimentation  properties  (13).  Genetic  linkage  analy¬ 
sis  suggests  the  existence  of  allelic  polymorphism  for  the  human  genes 
coding  for  particular  ChEs  (8),  and  molecular  cloning  studies  Indicate 
that  various  human  ChEs  are  produced  from  cross-homologous  DNA  and  mRNA 
sequences  (14-16). 

2.1.2.  Problems  to  be  solved  in  the  study  of  cholinesterases 

In  spite  of  the  effort  invested  In  the  study  of  ChEs  for  many  years 
by  numerous  research  groups,  it  Is  not  yet  clear  whether  the  different  ChE 
forms  are  produced  from  different  genes,  or  whether  their  biosynthesis  is 
regulated  by  post-transcriptional  and/or  post-translational  processing 
events.  Furthermore,  neither  the  amino  acid  sequence  of  ChEs  nor  the 
detailed  structure  of  their  catalytic  site  has  yet  been  revealed.  The 
biological  role  of  these  enzymes  in  tissues  other  than  nerve  or  muscle  is 
completely  unknown,  although  several  functions  have  been  suggested 
(17,19).  One  of  these  suggestions  is  based  on  the  demonstration  of  pepti¬ 
dergic  activity  for  purified  ChEs  (20),  which  implies  that  these  enzymes 
are  biheaded  proteins,  with  two  unrelated  active  centers  and  peptide 
domains  which  are  partially  homologous  to  regions  in  other  proteases  and/ 
or  esterases. 

Although  AChE  activity  can  be  detected  with  an  extremely  high  sensi¬ 
tivity  (21-24),  very  little  is  known  yet  about  its  biological  role(s)  and 
mode  of  regulation.  Even  in  a  clearly  cholinergic  tissue  such  as  the  neu¬ 
romuscular  junction,  where  AChE  does  hydrolyze  acetylcholine,  it  is  not 
clear  how  its  activity  is  controlled.  Muscle  denervation  results  in  the 
disappearance  of  the  tailed,  asymmetric  forms  of  AChE  from  the  neuromuscu¬ 
lar  junction  (8).  This  suggests  the  existence  of  a  close  relationship 
between  the  neuronal  signal,  the  binding  of  acetylcholine  to  its  receptor, 
and  the  way  in  which  the  expression  of  AChE  is  regulated.  However,  it  is 
completely  unknown  which  level  of  gene  expression  is  affected  by  the  neu¬ 
ronal  signal  so  as  to  alter  the  expression  of  AChE  or  what  detailed  molec¬ 
ular  mechanism  leads  to  such  alterations. 

.» 

2.1.3.  Regulation  of  muscarinic  binding  sites  and  acety lchol inesterase  in 
the  human  brain 


Cholinergic  mechanisms  in  the  mature  human  brain  may  be  interrupted 
both  ty  ligands  binding  to  muscarinic  cholinergic  receptors  (mAChR)  and  by 
inhibitors  of  ChEs.  Multiple  brain  functions,  such  as  learning,  memory, 
and  even  vegetative  functions,  are  impaired  by  these  agents  (25),  and 


several  neuronal  disorders  related  to  cholinergic  mechanisms  (for  exanple, 
Huntington's  Chorea)  have  been  shown  to  be  acocrpanied  by  decreases  In 
mAChR  (26)  and  in  ChEs  (27).  This  suggests  -that  both  mAChR  and  ChEs  are 
essential  for  a  wide  range  of  brain  functions  In  hunans  (see,  far  exanple, 
28,29;  and  refs,  therein);  it  Is  therefore  of  particular  Interest  to  study 
the  regulation  of  mAChR  and  of  ChEs  In  the  human  brain,  ard  find  out 
whether  they  are  Interrelated. 

The  expression  of  mAChR  and  of  ChEs  In  the  mature  human  brain  has 
been  studied  by  both  biochemical  and  histochemical  approaches,  but  very 
little  is  known  about  their  regulation  In  the  fetal  brain.  Binding  of 
labeled  muscarinic  ligands  to  extracts  (30)  and  sections  (for  a  review, 
see  31)  of  post-mortem  brain  has  revealed  that  mAChR  are  distributed 
throughout  the  brain,  being  mainly  concentrated  In  areas  known  to  be  cho¬ 
linergic  (see,  for  exanple,  32).  Hydrolysis  of  acetylcholine  by  brain 
extracts  (33)  and  histochemical  staining  of  brain  sections  by  thiocholine 
complexes  (34)  showed  that  in  the  postnatal  mammalian  brain,  ChEs  as  well 
are  mainly  localized  in  areas  in  which  cholinergic  neurons  are  concen¬ 
trated  (35).  However,  both  ChEs  and  mAChR  have  also  bean  detected  in  mam¬ 
malian  brain  areas  where  the  major  neurotransmission  is  clearly  non-cho- 
linergic,  such  as  the  cerebellum  (36-39),  as  well  as  in  primary  brain 
tumors  of  glial  origin,  which  do  not  contain  neurons  at  all  (40,41). 
Thus,  the  expression  of  these  cholinergic  elements  is,  apparently,  not 
limited  to  cholinergic  or  cholinoceptive  neurons. 

The  presence  of  mAChR  In  various  cells  and  tissues  has  invariably 
been  correlated  to  the  regulation  of  cellular  processes  by  acetylcholine 
(for  a  review  see  42).  The  onset  of  their  appearance  in  the  fetal  brain 
would  hence  be  expected  to  be  related  to  the  development  of  cholinergic 
functions.  In  contrast,  ChEs  have  been  triplicated  with  various  roles 
unrelated  to  the  hydrolysis  of  acetylcholine  (for  recent  reviews,  see 
17-19),  particularly  in  embryonic  tissues  (43-44).  This  implies  that  the 
two  macrcmolecules  should  not  necessarily  be  oaregulated  in  the  fetal 
brain.  Since  different  hunan  brain  regions  develop  at  various  rates  and 
gestational  times  (for  recent  studies,  see  45,46),  this  issue  should  best 
be  investigated  in  discrete  brain  regions  and  at  several  periods  during 
fetal  development  and  neuronal  migration  (48).  During  the  period  covered 
by  the  present  report,  we  shewed  that  the  expression  of  mAChR,  but  not  of 
ChEs,  appears  to  be  related  to  the  development  of  cholinergic  properties 
in  various  areas  of  the  fetal  human  brain,  and  that  transient,  unrelated 
enhancement  of  ChE  expression  takes  place  at  different  time  periods  during 
the  development  of  these  brain  regions. 

iosynthesis 


2.1.4.  B: 


of  cholinesterases  in  human  brain  tissues 


matter  of  some  dispute  whether  the  plasma  proteins  in  fetal  brain  origi¬ 
nate  by  uptake  from  the  blood  or  by  synthesis  within  the  brain  (see  50). 
At  some  stages  of  brain  development  there  is  now  evidence  far  uptake  of 
some  plasma  proteins  from  the  cerebrospinal  fluid  into  ventricular  zone 
cells  lining  the  cerebral  ventricles  (50-52).  Initial  studies  of  brain 
synthesis  of  plasma  proteins  involved  methods  that  were  relatively  insen¬ 
sitive  and  the  results  were  negative  (e.g.  53).  However,  there  now  seems 
to  be  evidence  for  both  amino  acid  incorporation  into  some  plasma  proteins 
(50,54)  and  for  the  presence  of  mRNA  for  anglotensinogen  (55)  and  for 
transferrin  (56)  in  adult  rat  brain. 


To  reveal  whether  the  synthesis  of  plasma  proteins  takes  place  in  the 
human  brain,  we  combined  the  use  of  mRNA  translation,  crossed  Immunoelec¬ 
trophoresis,  and  autoradiography.  This  approach  gives  a  method  of  hi<£i 
sensitivity  and  low  background.  It  has  the  advantage  over  iimunohisto- 
chemical  studies  of  using  a  polyvalent  antiserum,  sot  that  a  wide  range  of 
plasma  proteins  can  be  studied  simultaneously.  We  have  recently  applied 
this  approach  to  detect  the  biosynthesis  of  several  plasma  proteins  in  the 
developing  rat  brain  (57):  We  used  it  to  study  the  biosynthesis  of  plasma 
proteins  in  the  developing  human  brain,  and  in  seme  human  cerebral  timers. 
The  results  show  that  several  plasma  protein-like  polypeptides  are  syn¬ 
thesized  both  by  normal  fetal  and  adult  brain  and  by  tumor  tissues.  These 
observations  confirm  and  extend  previous  immunocytochemical  studies,  in 
which  the  distribution  of  several  plasma  proteins  was  examined  in  the 
human  fetal  brain  (58)  and  offer  a  new  and  powerful  approach  to  study  the 
biosynthesis  and  regulation  of  particular  proteins  in  the  human  brain. 

2.1.5.  The  putative  role  of  antibodies  against  acetylcholinesterase  in 
neuromuscular  dysfunction 


In  the  neuromuscular  junction,  various  types  of  conduction  defects 
are  known  to  induce  muscle  weakness.  These  include  the  impaired  release 
of  the  neurotransmitter  acetylcholine,  inducing  the  Lambert-Eaten  syndrome 
(59)  and  the  disturbed  interaction  between  acetylcholine  and  the  nicotinic 
acetylcholine  receptor  occurring  in  myasthenia  gravis  (60).  Severe  muscu¬ 
lar  weakness  can  also  be  caused  by  excessive  stimulation,  resulting  from 
the  accumulation  of  acetylcholine  within  the  synaptic  cleft.  This  can 
happen  because  of  inhibition  of  AChE,  as  is  the  case  in  organophosphate 
intoxication  (61).  Inhibition  of  AChE  in  neuromuscular  junctions  pro¬ 
foundly  modifies  neuromuscular  transmission  (7),  as  was  shown  by  electro- 
physiological  analyses  (62),  by  studies  of  the  muscle  response  to  nerve 
stimulation  (63)  and  by  observations  on  spontaneous  muscular  activity  in 
vivo  (64).  In  principle,  antibodies  blocking  the  activity  of  AChE  in  neu- 
j  romuscular  junctions  should  have  similar  effects,  distinguishable  from 

|  those  observed  in  the  Lambert-Eaten  syndrome  and  in  myasthenia  gravis. 

Antibodies  raised  against  AChE  from  particular  tissue  sources  and 
species  were  reported  to  cross-react  with  AChE  from  other  tissues  and 
species  (65,66).  However,  there  were  also  reports  on  anti -AChE  antibodies 
which  distinguish  between  the  detergent-extractable  and  buffer-soluble 
forms  of  from  a  single  tissue  (67).  Altogether,  this  information  implies 
that  different  forms  of  ChEs  share  common  domains  but  may  also  contain 
distinct  regions,  specific  to  particular  forms.  In  this  report,  we  pres- 
5  ent  evidence  of  the  occurrence  of  anti -AChE  antibodies  with  preferential 

t  affinity  to  muscle  membrane  AChE  in  the  serum  of  a  patient  manifesting 

/  severe  diffuse  muscular  weakness.  Our  findings  indicate  that  "the 
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autoimmune  reepcnse  to  AChE  played  a  major  role  In  the  etiology  and  the 
pathophysiology  of  his  neuromuscular  dysfunction. 


3.  TOE  EXPERIMENTAL  APPROACHES 


3.1  Human  Brain  Tissues  and  mRNA 


The  experiments  covered  in  this  report  were  carried  out  using  tissue 
extracts  and  purified  poly ( A )  -containing  RNA  from  several  tissue  sources 
of  human  brain  origin.  These  include  primary  brain  tuners  of  glial  and 
meningeal  origin  ( for  detailed  description  of  these  tumor  types  see 
40,68,69),  discrete  regions  from  fetal  human  brain  (13),  and  dissected 
tissues  from  mature  human  brain  (39,40).  Several  precautions  were  taken 
to  ensure  the  intactness  of  the  ChE  mRNAs  extracted  from  these  tissues 
(14).  To  determine  the  migration  properties  of  these  mRNAs, 
poly ( A )  -containing  RNA  was  denatured  with  dimethy lsulfoad.de  and  centri¬ 
fuged  in  continuous  sucrose  gradients  (14,69).  Human  epidermoid  carci¬ 
noma,  in  which  the  levels  of  ChEs  (38)  and  of  ChE  mRNA  (69)  are  considera¬ 
bly  lower  than  in  the  brain  tissues,  served  as  control. 


3.2  Translation 


far  Cholinesterase 


The  biosynthesis  of  human  brain  ChEs  was  examined  using  two  different 
translation  systems.  In  the  in  vitro  system  of  rabbit  reticulocyte  lysate 
(70),  polyiA) -containing  ChE  mRNA  from  human  brain  directs  the  incorpora¬ 
tion  of  [35S] methionine  into  newly  synthesized  nascent  polypeptides,  which 
remain  unprocessed  and  Inactive  ( for  detailed  methodology,  see  71 ) .  In 
the  in  ovo  system  of  microinj acted  Xenopus  oocytes  (72),  the  35S-labeled 
ChE  polypeptides  also  undergo  post-translational  processing  and  correct 
oenpartmentalization  to  yield  the  catalytically  active  enzyme  in  its  natu¬ 
ral  subcellular  localization  (15,69,73). 


3.3.  Immunochemical 


of  Newly 


Cholinesterases 


35S-labeled  newly  synthesized  ChEs  were  purified  and  characterized  by 
two  independent  Immunochemical  approaches.  They  were  imnunoprocipitated, 
following  preadsorpticn  of  nonspecific  precipitates,  with  the  aid  of 
anti-AChE  monoclonal  antibodies  elicited  against  human  erythrocyte  AChE 
(AE-2,  65)  see  15).  Alternatively,  they  were  identified  by  crossed  Immu¬ 
noelectrophoresis  (57),  using  rabbit  antisera  against  human  plasma  pro¬ 
teins  to  precipitate  pseudo- ChE,  and  against  human  erythrocyte  membranes 
or  against  mammalian  brain  AChE  to  precipitate  AChE  (75).  In  both  cases, 
identification  was  performed  by  autoradiography ,  and  irrelevant  antibodies 
served  as  controls. 


Antisera  against  the  following  human  plasma  proteins  were  obtained 
from  Dakopatts  (Denmark):  albumin,  alpha- fetoprotein,  alpha -^-antitrypsin, 
inter  alpha^-trypsin  inhibitor,  alpha^-macroglobulin,  alpha2 -plasminogen 
inhibitor,  ceruloplasmin,  fibrinogen,  Gc  globulin,  haptoglobin,  hemopexin, 
plasminogen,  transferrin,  and  beta-lipoprotein.  Antisera  to  alpha1  easily 
precipi table  protein  and  to  alpha^-HS  (Heremans  and  Schmid)  were  obtained 
from  Hoechst  (West  Germany) .  Anti-rat  AChE  was  kindly  provided  by  Drs.  M. 
Vigny  and  J.  Massculie;  it  has  been  shown  to  cross-react  with  human  brain 
AChE  (66).  In  order  to  identify  individual  proteins,  the  intermediate  gel 
in  the  crossed  iirnunoelectrophoresis  plates  contained  one  of  the  above 
antisera,  elicited  against  a  single  purified  plasma  protein,  and  the  top 
gel  contained  anti-adult  serum.  Two  microliters  of  translation  product 
and  5  microliters  of  carrier  unlabelled  plasma  proteins  (a  mixture  of 
human  fetal  plasma  from  fetuses  of  18  and  30  weeks'  gestation  and  adult 
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plasma,  mixed  1:1:1  and  diluted  1:20  in  phosphate-buffered  saline  (PBS)) 
were  plaoed  in  a  well  punched  in  a  strip  of  buffered  agarose  gel;  a  volt¬ 
age  of  10  V/cm  was  applied  for  60  min  (first  dimension).  The  gel  strip 
was  plaoed  against  antibody-containing  gel  and  a  voltage  of  2  V/cm  was 
applied  overnight  (second  dimension)  in  a  direction  at  right  angles  to 
that  of  the  first  dimension  electrophoresis.  The  gel  used  in  both  dimen¬ 
sions  was  1%  (w/v)  agarose  (Litex)  in  Tris-bazhitcne  buffer  at  pH  8.6. 
Plastic  (GS1  bond,  Marine  Colloids,  Philadelphia,  U.S. )  or  glass  (10  x  10 
cm)  plates  were  used.  After  propping  and  washing  in  the  standard  manner 
(75),  the  plates  were  dried  and  proceooed  for  autoradiograph/  aa  doocribed 
below.  ChE  activity  was  detected  on  dried  unstained  plates  using  the 
thiochollne  method  of  Kamcvsky  and  Roots  (21). 


Plates  from  each  translation  experiment  were  exposed  together  far 
several  periods  of  time  and  the  various  autoradiograms  of  each  plate  were 
compared^  Autoradiograms  were  then  chosen,  in  which  the  Intensity  of  all 
of  the  35S-labeled  lmaaiopreclpitation  curves  continued  to  Increase  with 
longer  exposures,  indicating  that  within  each  of  these  autoradiograms  and 
also  between  autoradtagrams  of  a  particular  set,  these  curves  reflect  the 
relative  amount  of  [35S]  methionine  incorporation  into  specific  immunopre- 
cipi table  plasma  proteins. 

3.4  Cholinesterase  Assays 

Measurements  of  ChE  activity  were  performed  by  hydrolysis  of 
[^H] acetylcholine,  according  to  Johnson  and  Russell  (23)  and  In  the  pres¬ 
ence  of  protease  inhibitors,  as  detailed  elsewhere  (13).  Alternatively, 
the  hydrolysis  of  acetyl  thiochollne  or  butyryl  thiochollne  was  measured 
spectrophotxmBtrlcally  by  the  technique  of  Ellman  et  al.  (22)  and  as 
detailed  (40).  The  selective  inhibitors  tetralscpropyl  pyrophoephoramide 
(iso-CMPA)  and  l,5-bis(4-allyldlmsthylamraoniunphanyl)pentan-3-one  dibrcm- 
ide  (BW284C51)  were  used  specifically  to  block  the  activities  of 
peeudo-ChE  and  of  AChE,  respectively  (10).  Extraction  with  low  salt 
buffer,  or  with  salt  +  detergent,  was  employed  to  separate  the  hydrophilic 
fraction  of  active  ChEs  from  the  anphipathic  part  (13),  and  centrifugation 
in  continuous  sucrose  gradients  was  used  to  separate  the  various  molecular 
farms  of  the  enzyme  (40). 

3.5  Oocyte  Injection. 

Mature  (stage  6)  oocytes  from  Xencpus  laevis  were  injected  with 
poly ( A ) -containing  RNA  together  with  lyophilized  [35S] methionine.  The 
procedure  was  as  described  by  Burmeister  et  al.  (76).  Incubation  mediun, 
containing  secreted  protein,  was  separated.  Oocytes  were  homogenized  as 
described  previously  (69);  the  clear  homogenates  and  incubation  media  were 
stored  separately  at  -7CrC  until  they  were  assayed. 

3.6  Liquid  Scintillation 

Trichloroacetic  acid  (TCA)  precipitation  of  [35S]  methionine-labeled 
proteins  was  carried  out  as  described  previously  (77)  with  GPC/25  filters 
(Tamar,  Rehovot).  Filters  were  dried  and  scintillation  fluid  (4  ml  of  90% 
xylene  and  10%  "xylofluor" )  was  then  added.  The  filters  were  counted  in  a 
Packard  Model  3390  Tri-Carb  liquid  scintillation  spectrometer. 


3.7  The 


and  USe  of  0 


eotide  Probes 


OllgodaoBtynuclaotlda  probes  wees  synthesized  manually,  essentially  as 
doecribod  in  detail  in  our  Final  Report  for  Contract  DAMD17-82-C-2145 
(January  1985).  The  probes  synthesized  included:  (a)  a  series  of  syn¬ 
thetic  ol lgodeoocynucleotidee  (CPSYN)  all  complementary  to  the  organophoep- 
hate  binding  site  of  ChBe;  (b)  a  series  of  second  OPSYN  probes,  oonplemen- 
tary  to  an  additional  heacapeptide  from  the  active  site  peptide,  as 
published  by  Lockridge  (78);  (c)  two  N- terminal  probes,  according  to  the 
different  peptide  sequences  which  were  determined  far  the  N- terminal 
region  of  human  erythrocyte  AChE  by  T.  August  and  oowoxkers  and  by  T. 
Rosenberxy  (79);  and  (d)  a  C- terminal  probe,  following  the  sequence  pub¬ 
lished  by  Lockridge  (78)  for  hunan  serum  pseudo-ChE.  Further  details 
regarding  these  probee  and  their  use  far  screening  of  DNA  libraries  are 
Included  in  the  Results  section  (4.1. 1.1). 

3.8  Increase  of  Hybridization  Selectivity  by  [CH^l  Washes 

CPSYN  probes  were  end-labeled  by  polynucleotide  kinase  as  detailed  In 
our  last  report  (80).  Hybridization  and  washing  conditions  were  similar 
to  the  above,  with  the  exception  that  3  M  tetramethylanmoniun  chloride 
((0^)4NC1),  53%)  was  employed  to  verify  the  stringency  of  hybridization 
In  a  base  composition-independent  manner  (81).  For  this  purpose,  filters 
were  first  rinsed  at  37%  with  3.0  M  (CHo)^NCl  solution,  containing  50  nM 
Tris-Hd,  pH  8.0,  2  nM  E37EA,  and  aodiun  ooaacyl  sulfate  (SDS)  at  1  mg/ml. 
(CHo)^NCl  was  purchased  from  Aldrich  (Milwaukee,  WI),  and  made  up  as  a 
nominal  5  M  stock  solution.  Since  (CHa^NCl  is  hydroscopic,  the  actual 
molar  concentration  (C)  was  routinely  determined  from  the  refractive  index 
(n)  by  the  formula  c  *  (n  -  1.221  )/0.018  (81).  The  precise  concentration 
was  important,  since  7d  varies  with  the  (CH^.NCl  concentration.  This 
rinse  is  necessary  to  substantially  remove  the  NaCl/CLt  solution  and  pre¬ 
vent  its  competition  with  (OfcMT  binding  (81).  Rinsed  filters  were 
washed  twice  in  a  shaking  bath  far  20  min  with  the  same  (CHq)4CL  solution 
at  53%  +  1%.  under  these  washing  conditions,  only  17-  ana  perhaps  some 
16  base-pair  matches  are  allowed.  In  this  case,  the  expected  number  of 
randan  donee  is  only  five  for  a  complexity  of  1  x  10°  in  base  pairs  (or  1 
x  10 5  different  clones  of  an  average  length  of  1000  base  pairs,  a  fair 
assumption  for  fetal  brain)  as  probed  with  a  pool  of  128,  17-mars  (80). 
In  other  words,  our  lambda-gtlO  cDNA  library  from  fetal  brain  origin 
should  contain  about  six  sequences  with  16-17  base-pair  matches  to  each  of 
the  OPSYN  probes  employed,  and  of  these,  only  one  or  two  should  be  the 
correct  true  positive.  That  this  is  the  case  is  shown  in  the  Results  sec¬ 
tion  (4.1. 2. 3.). 


3.9  Schedule  of  Experiments  Taken  to  Characterize  Positive  Clones 

It  should  be  noted  that  positively  hybridizing  clones,  even  when  the 
hybridization  signal  is  stable  to  3  M  ( CHg  UNCI  at  53%,  do  not  necessar¬ 
ily  contain  the  pursued  DNA  sequence.  First,  they  may  oontain  only  16  of 
the  17  examined  nucleotide  bases  (81);  second,  they  may  represent  another 
cDNA  or  a  genomic  DNA  species  which  happens  to  oontain  the  searchedfor 
hexapeptide  (see  other  sections  for  further  details  regarding  this  issue). 
Finally,  the  structural  properties  of  the  DNA  stretch  also  affect  the  sta¬ 
bility  of  hybridization  (see,  for  exarple,  clone  FBC4,  below). 
Altogether,  a  positive  clone  selected  under  the  conditions  we  used  was 
calculated  to  have  about  a  15%  chance  to  oontain  an  AChE  cDNA  insert.  To 
find  out  whether  -this  is  the  case,  we  need  to  carry  out  several  experi¬ 
ments  in  a  particular  order.  During  the  period  covered  by  this  report,  we 


developed  a  general  plan  for  auch  taqparl sente,  which  is  designed  both  to 
save  ties  in  case  of  a  falsa  positive  and  to  gain  the  aarlwal  amount  of 
Information  regarding  the  selected  clone  in  case  it  la  a  true  one.  Scheme 
I  presents  the  echadule  of  auch  aaqparieanta  for  the  detailed  characterize- 
tion  of  a  positively  hybridizing  DNfc  clone. 


of  a  positively  hybridizing  da  clonaa 


gggg>  Material  Bxparimant  Carriad  Out 


Qonflznad  positive  dona, 
which  hybridizes  with  tha 

f>1  pppb| 

to  yiald  a  signal  atabla  to 
3  M  (Qv3)4NC1  at  53*C 

Phage  DA  containing 
tha  hybridising  inaart 


aizywa  tic  ally  raatrlctad 
{hags  DA  +  inaart 


Positively  hybridizing 
raatrlctad  DA  fragments 


(1) a  Pick  pi  aqua,  anplify, 

pcspara  DApolyethylene 
glyool  (pracipitation. 
Cad  gradient,  phenol 
extraction) 

(2) a  Restrict  with  enzymes 

which  cut  the  lambda- 
gtlO  multi-linker  se¬ 
quence  (BooRl,  Xho,  Set, 
Sail)  to  separate  the 
entire  inaart  of  cQA 
clones 

b  Restrict  with  enzymes 
which  cut  the  M13  multi¬ 
linker  sequence  (Alu, 
Rsal,  HssIII,  Sau3A,  an! 
FhdU2)  as  s  prerequisite 
to  sequencing 


(3)a  Run  an  analytical  age- 
roes  gel,  blot  onto  ni¬ 
trocellulose,  hybridize 
with  the  employed  la¬ 
beled  oligodeoDtynucleo- 
tlde  probe,  wash  with 
(CHoJ^Nd  3  M,  653  S'o.C 
b  Test  far  hybridization 
with  an  additional  probe 
to  confirm  the  identity 
of  the  examined  insert 
and  find  out  its  size 
(for  exanple,  does  it 
include  the  N- terminal 


(4)a  Run  a  preparative  gel, 
electroelute  fragment, 
and  insert  into: 
b  M13  single- stranded  vec¬ 
tors  for  sequencing  from 
both  orientations 
c  pEX  bacterial  expression 
vectors  for  production 
of  protein  in  all  three 
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(5) 


KL3  inserted  positive 


translation  franco 

(5)a  Find  out  whether  It  ocn- 
talns  the  sequence  coding 
for  the  pursued  haacapep- 
tide  and.  If  possible, 
additional  confirmatory 
amino  acid  sequences 
b  If  so,  return  to  step  (3) 
and  Insert  all  other  in¬ 
sert  fragments  Into  M13 
for  sequencing.  If  not, 
end  the  experiment  and 
prooeed  with  another 
positive 


(6) 


(7) 


pEX-lnssrted  cDNA  insert 
(test  only  for  cONA  clones 
In  which  step  (5)  is 
positive,  since  this  ex¬ 
periment  by  itself  is  not 
an  ultimate  proof) 


and  j  sue  1  til n 
AChE  ENA  insert 


(6)a  Induce  plaemid 

sion,  imsunoblot  versus 
anti-AChE  antibodies 
b  If  positive  test  for 
binding  of  diiaoprqpyl 
fluarophosphate  (DFP) 
and  for  hydrolysis  of 
[^H-] acetylcholine 
by  the  bacterial  cONA 
product. 


3.10  imsundblottlng  of  Acetylcholinesterase  from  Crude  Tissue  Extracts 


lb  imsunoblot  ACME  from  crude  trlwmw  extracts,  various  fatal 
were  homogenised  in  5  volisee/waight  of  extraction  buffer.  This  contained 
1.2  M  Naa,  1%  Triton  X-100,  0.05  M  Tris-HCl,  pH  8.0,  and  0.01  M  EDTA. 
Hcaogani  ration  in  a  Teflon-glass  hcmoganlser  was  for  20  esc  at  zoom  tmp- 
ersture  and  1000  rpm,  using  a  Haldol f  motor.  Homogenates  were  further 
incubated  for  15  min  at  TrZ  to  ensure  the  ooaplete  release  of  AChE  from 
masfcranas  and  were  than  dialysed  overnight  egalnat  1  liter  of  0.10  M 
Tris-Hd,  pH  8.0,  and  0.1%  Triton  X-100.  Protein  concentration  wee  deter¬ 
mined  in  dialyzed  homogenates,  and  ChE  activities  were  radloactively 
determined  prior  to  dialysis  and  as  previously  detailed  (13).  Samples  of 
these  homogenates  were  electropharetlcally  separated  on  5-15% 
polyacrylaatlda/SDS  gels,  3  hr  at  IX  V  together  with  prestalned  molecular 
weight  markers  (Sigma,  St.  Louie,  MO).  Gels  were  electxoblotted  overnight 
at  50  mA  onto  nitrocellulose  sheets,  using  20  rtM  Tris-HCl,  150  nM  glycine, 
20%  methanol,  and  0.05%  SDS,  pH  8.3,  as  transfer  buffer.  The  nitrocellu¬ 
lose  was  immediately  transferred  far  shaking  for  X'  min  at  37°C  in  PBS 
containing  5%  non-fat  dry  milk  powder  (Carnation).  It  was  then  incubated 
for  90  min  and  shaken  in  the  same  solution,  containing  anti-AChE  antiaenm 
at  1:1000  dilution,  and  washed  successively  in  5%  milk/PBS  (5  min),  in 
milk/PBS  containing  0.05%  NP-40  (10  min  x  2),  and  in  milk/PBS  (5  min),  200 
ml  each.  Incubation  with  second  antibody  (Donkey  F(  ab)?  anti-rabbit  immu¬ 
noglobulin  G  (IgG),  coupled  to  horseradish  peroxidase  (Ameraham),  1:50  in 
milk/PBS)  wee  for  90-min  shake  at  roam  teapsrature.  This  was  followed  by 


A 
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the  same  order  of  washes  as  before.  Meshed  filters  were  rinsed  far  2  min 
In  100  nM  Tris-Hd,  pH  7.6,  prewarmed  to  37%,  and  than  transferred  to 
peroxidase  substrate  solution  (25  mg  of  diandnbbenzldlne  (Aldrich, 
MllwmJcee,  MI)  dissolved  In  50  ml  of  warm  0.1  M  Tris-Hd,  pH  7.6,  for  20 
min  at  37%,  to  which  150  ul  of  31  HjCfe  was  added).  Red-brown  bands  of 
lmmunoreactlve  proteins  develop  within  10-20  min,  and  20-40  ng  of  AChE  are 
easily  visible  either  in  a  pure  form  or  In  the  crude  extract  gels. 
Processed  filters  are  rinsed  In  tap  water,  dried  and  photographed. 


3.11  Uee  of  pEX  Bacterial 
Proteins 


Vector  to  Produce  cDNA-derived 


The  bacterial  expression  vectors  pEXl-3  were  recently  constructed  by 
Stanley  and  Luzlo  (82)  In  the  European  Molecular  Biology  Laboratory  in 
Heidelberg.  The  pEX  vectors  are  derived  from  a  crolac2  gene  fusion  plas¬ 
mid,  which  expresses  large  quantities  (up  to  40%  of  total  protein)  of  the 
fusion  protein.  This  is  produced  under  the  control  of  the  P~  promoter  of 
bacteriophage  lanfeda.  The  pEX  vectors  were  engineered  to  contain  a  polyl¬ 
inker  in  the  3 '-end  of  the  lac2  gene  In  all  three  translational  reading 
frames,  as  well  as  stop  signals  for  transcription  and  translation.  Ihus, 
any  open  reading  frame  DMA  may  be  expressed  in  these  vectors  as  a  hybrid- 
beta-galactosldase  protein,  with  the  cxo-beta-galactosldase  part  being  of 
117,000  dal  ton  molecular  weight.  The  hybrid  fusion  proteins  accumulate  in 
the  bacterial  calls  as  heavy  low  solubility  precipitates,  which  allows  a 
rapid  isolation  of  these  proteins  for  lnmunoblot  analysis  and  protects 
them  from  proteolytic  degradation. 

Reoonfcinartt  pEX  plasmids  are  amplified  at  3G%  In  an  Escherichia  coil 
strain  containing  the  clts857  repressor,  and  than  transient  expression  is 
induced  by  shifting  to  42%.  Hybrid  proteins  are  extracted  with  SDS  and 
dlthlothreltol  and  the  translational  reading  frane  is  randomized  by  using 
all  three  pEX  vectors  for  subcloning  of  the  pursued  Insert. 

The  pEX  vectors  are  not  appropriate  for  our  needs  as  cloning  vectors, 
since  their  cloning  efficiency  Is  not  as  high  as  that  of  the  lambda-gtlO 
vector  and  since  we  cannot  use  their  expression  properties  for  colony 
screening  because  small  cDNA  inserts  would  be  better  expressed  and  yield 
stronger  signal  a  than  large  ones  (82).  However,  the  combination  of  lamb- 
da-gtlO  aa  a  cloning  vector  with  pEX  as  an  expression  vector  easy  to  sub¬ 
clone  In  that  it  bears  Important  advantages  for  our  project.  Thus,  we 
employ  synthetic  ol  igodeaxynucleotide  probes  far  the  Initial  screening  and 
teat  the  expression  of  positive  donee  as  subcloned  Into  pBC  vectors  by 
iflinunoblotting  (see  sections  4. 1.1. -4. 1.2. 2.  for  further  details). 
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signals.  To  overcome  this  difficulty,  we  prepared.  In  collaboration  with 
Dr.  O.  Goldberg  from  the  Dept,  of  Organic  Chemistry,  three  mixtures  of  128 
different  oligonucleotides  each. 


II 

OPSYN  CHOLINESTERASE  PROBES 

The  following  are  all  of  the  probes  synthesized  and  used  In  searching 
for  AChE  argancphoephate  binding  sites.  All  probes  are  equivalent  to  CDNA 
sequences  homologous  to  the  mRNA  encoding  the  described  amino  acid 
sequence.  All  go  from  5’ - >3'. 


OPSYN  I,  II,  and  III  (both  true  and  pseudo-ChE) 

OPSYN  I,  II,  and  III  encode  for  a  hexapeptide  Including  the  active  site 
serine,  the  amino  acid  sequence  that  they  encode  Is  as  follows: 

Phe-Gly-Glu-Ser-Ala-Gly 


OPSYN  I 

AA* 

mg 

CCG 

T 

ar 

TCfi 

ila 

cgg 

T 

cc 

OPSYN  II 

AA* 

AAq 

A 

cccG 

T 

ctct 

AGc 

A 

cgg 

T 

cc 

OPSYN  III 

A 

ccc 

f 

ctct 

.rA 

AGj 

A 

cgg 

T 

cc 

OPSYNO 

AA* 

CCI 

ctt 

tca 

AG  I 

CGI 

CCI 

CGI  CGI  TCg  CA 
AG  I 

To  Increase  the  certainty  of  our  search,  we  prepared  additional  oli- 
godeaxynucleotide  probes.  The  first  of  these  was  an  additional  probe  from 
the  vicinity  of  the  organophosphate  binding  site.  In  constructing  this 
probe,  we  used  the  published  sequence  of  the  organophosphate  binding  site 
of  human  serun  pseudo-ChE  (78).  The  selected  hexapeptide  and  the  putative 
oligodeaxynucleotide  coding  for  it  were: 

5 '  Pro  Ser  Leu  Leu  His  Phe  3 ' 


NGA  NAG  NAG  A  A 

GG  A  T  T  TG  AA 
CT  AA  AA  G  G 


To  limit  the  complexity  of  pcobee  employed  to  128,  we  prepared  three  mix¬ 
tures  of  these  probes.  These  were  designated  OPSYN  IV,  v,  and  VI  and  are 
described  Scheme  III: 


Schema  III 

Additional  oligodaoxynucleotide  probes  far 
the  arganophoephate  binding  site. 


OPSYN  IV,  V,  and  VI  encode  for  a  hexapeptide  from  the  vicinity  of  the 
arganophoephate  binding  site  of  hunan  serum  pseudo-ChE,  as  published  by  0. 
Lockrldge  (78).  The  amino  acid  sequences  that  they  encode  are  as  above. 
The  nucleotide  sequences  are: 


OPSYN  IV 

! 

r 

I 

OPSYN  V 


OPSYN  VI 


A 

NAG 

NAG 

A  A 

GG  GA 

TG  AA 

T 

C 

C 

G  G 

AA 

AA 

T 

T 

C 

NAG 

NAG 

A  A 

GG  GA 

TG  AA 

G 

C 

C 

G  G 

AA 

AA 

T 

T 

A 

NAG 

NAG 

A  A 

GG  CT 

TG  AA 

G 

C 

C 

G  G 

AA 

AA 

T 

T 

The  OPSYN  probes  IV,  V,  and  VI  were  tested  with  all  of  our  positively 
hybridizing  clones,  but  did  not  hybridize  with  any  of  them  (see  following 
sections).  In  a  recent  preprint  which  was  mailed  to  me  by  Dr.  Lockrldge, 
the  sequence  surrounding  the  arganophoephate  binding  site  differs  by  four 
amino  acids  from  the  previously  published  one.  Dr.  Lockrldge  does  not 
mention  her  1984  publication  (78),  or  the  apparent  changes  in  the  deter¬ 
mined  sequence.  In  her  new  manuscript.  One  of  these  changes  involves  the 
removal  of  the  Phe  residue  from  the  hexapeptide  sequence  which  we  employed 
to  construct  the  OPSYN  IV,  V,  and  VI  probes.  This  means  that  these  probes 
were  erroneous  and  that  true  ChE  cDNA  clones  should  not  hybridize  with  any 
of  these  probes. 


4. 1.1.2.  C-terminal  and  N- terminal  probes 

Another  oligodaoxynucleotide  probe  which  was  synthesized  according  to 
Lockrldge 's  results  from  1984  was  based  on  the  C-terminal  hexapeptide  of 
human  serum  peeudo-ChE.  This  probe  is  detailed  in  Scheme  IV: 


Scheme  IV 


C-terminal  probe 
(pseudo-cholinesterase,  (78)) 

the  amino  acid  sequence  is  as  follows:  Glu-Ser-Cys-Val-Gly-Leu.  The 
probe  sequence  is: 


A 

C  G  NGA  C 
A3C0C  AC  CA  TC 
G  A  G  T 
T  CT 

A 


Finally,  we  designed  two  oligodeoxynucleotide  probes  according  to  two 
independent  sequences  which  were  reported  for  the  N-terminal  region  of 
"true"  AChE  purified  from  human  erythrocytes.  The  first  of  these,  desig¬ 
nated  NTES,  was  derived  by  Dr.  T.  August  and  ccworkers  and  was  received  as 
a  personal  ccrnmunication  from  Dr.  E.  Schmell,  (personal  ccmmunicaticn). 
It  is  based  on  peptide  sequencing  of  the  erythrocyte  enzyme  as  purified  cn 
a  colum  to  which  monoclonal  antibodies  against  human  AChE  were  bound 
(AE-2,  65).  The  second  probe,  designated  NTTR,  was  synthesized  following 
the  sequence  as  reported  by  T.  Rosenberry  (12,79).  In  this  case,  the 
purification  of  the  enzyme  from  human  erythrocytes  was  carried  by  affinity 
chromatography,  and  a  completely  different  sequence  was  determined.  A 
positive  sign  for  this  probe  being  correct  is  that  20  out  of  35  amino  acid 
residues  in  this  sequence  are  identical  to  those  which  were  found  in  true 
AChE  from  fetal  bovine  serun.  (B.P.  Doctor,  personal  communication). 
The  N-terminal  probes  are  presented  in  Scheme  V: 


} 

t 

| 


Scheme  V 

Oligodeoxynucleotide  probes  far  the  N-terminal  peptides 
determined  for  human  erythrocyte  AChE 
(1)  (NTES) 


Ihe  amino  acid  sequence  is  as  follows:  Lys-Asn-Asn-Val-Lys-Ala-Trp-Gly 
The  probe  sequence  is:  C  A  a  c 

CCCCAGGCGG  TTCAG  TT  IT  TT 
T  G  G  r 


N-terminal  probe 
(2)  (NTTR) 

The  amino  acid  sequence  is  as  follows:  Glu-Gly-Pro-Glu- Asp-Pro.  The 

probe  sequence  is: 


A  A 


known  yeJ 


i 
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4.1. 2. 2.  Characterization  of  positive  cCNA  clones  b£  restriction  analysis, 
blot  hybridization,  and  DNA  sequencing 

1.  FB24  *  FL20 

This  cDMA  clone  consists  of  a  3.2-b  insert  and  was  selected  by  the 
OPSYN  II  oligodeoKynucleotlde  probe  as  detailed  above,  with  the  same 
insert  size  both  from  fetal  brain  and  from  fetal  liver  libraries. 
Sequencing  of  both  cDNAs  revealed  an  identical  sequence,  containing  all  17 
nucleotides  of  the  OPSYN  II  probe  in  the  correct  order,  but  with  a  single 
additional  thymidine  at  position  10,  which  makes  it  a  false  positive.  The 
data  presenting  this  evidence  are  included  in  the  following: 

OPSYN  II  clone  from  fetal  brain  and  fetal  liver. 

Tne  sequencing  was  aeceonplisued  by  jse  of  tiie  Mlj  sequencing  metnod. 

Tnis  is  tne  mlj  sequence=oDiU  if  ic  is  a  true  positive  only. 

THE  NUCLEOTIDE  SEQUENCE  (FROM  5 ' — > j ’  IF  IT'S  a  true  positive)  IS: 


TAAGACAAATCCrGACGTATATATATGCrCCTTrAAAGSA 
AATTCCTCC TGCCGACATCCCCAAAAATAAAAAACTTC f A 
AC  TGATGGCTA  TGC  TTG ' 

24— OPSYN  II  INVERSED  AND  HOMOLOGY 

Tnis  is=mRNA  if  it  is  a  true  positive 
THE  NUCLEOTIDE  SEQUENCE  IS: 

0  10  20  JO  40  50  60 

CAAGCATAGC  CATCAGTTAG  AAGTTT  TTTA  TTTTTGGGGA  TGTCGGCAGG  AGGAATTTCC 
0  70  SO  V 

mAAAGGAG  CATATATATA  CGTCAGGATT  TGTCTTA 


THE  TRANSUTED  SEQUENCE  PHASED  FROM  POSITION  1  OF  INVERSE  HOMOLOGY 
0  30  53 

CAA  GCA  TAG  CCA  PC  A  GTT  AGA  AGT  TTT  TTA  TTT  TTG  GGG  ATG  TCG  GCA  GGA  GGA  ATT  TCC 

GLN  ALA  END  PRO  SEfl  VAL  ARG  SER  PHE  LEU  PHE  LEU  GLY  MET  GER  ALA  GLY  GLY  ILE  SER 

0  90 

rrr  aaa  gga  gca  tat  ata  tac  Grc  agg  ait  tgt  err 

PHE  LYS  GLY  AU  TYR  ILE  TYR  VAL  ARG  ILE  CY3  LEU 


& 


> 

,V 

a. 

a" 

< 


v 


r 


THE  TRANSUTED  SEQUENCE  PHASED  FROM  POSITION  2  OF  INVERSE  HOMOLOGY 
0  J1  5 1 

AAG  -AT  AGO  CAT  C AG  TTA  GAA  GTT  TTT  TAT  TTT  Ti>3  GGA  TGT  CGG  CAG  GAG  GAA  TTT  COT 

LYS  HIS  SER  HIS  GLN  LEU  GLU  VAL  PHE  TYR  PHE  TRP  GLY  CYS  ARG  GLN  GLU  GLJ  PHE  PRO 

0  91 

TTA  AAG  GAG  OAT  ATA  TAT  ACG  TCA  GGA  TTT  GTC  TTA 

LEU  LYS  GLU  HIS  ILE  TYR  THR  SER  GLY  PHE  VAL  LEU 


THE  TRANSUTED  SEQUENCE  PHASED  FROM  POSITION  j  OF  INVERSE  HOMOLOGY 
0  j2  52 

AGC  ATA  GCC  ATC  AGT  TAG  AAG  TTT  TTT  ATT  TTT  GGG  GAT  GTC  GGC  AGG  AGG  AAT  TTC  CTT 

SER  ILE  AU  ILE  SER  END  LYS  PHE  PHE  ILE  PHE  GLY  ASP  VAL  GLY  ARG  ARG  ASN  PHE  LEU 

TAA  AGG  AGC  ATA  TAT  ATA  CGT  CAG  GaT  TTG  TCT 

END  ARG  SER  ILE  TYR  ILE  ARG  GLN  ASP  LEU  SER 
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2.  FBC4 

This  cDNA  clone  consists  of  a  1.2-kb  Insert  and  was  selected  from  the 
fetal  brain  cDNA  library  by  the  OPSYN  I  oligodeoxynucleotidB  probe  as 
detailed  above.  Sequencing  of  the  cDNA  fragment  which  hybridized  with  the 
labeled  probe  revealed  an  interesting  phenomenon.  Five  of  six  amino  acids 
in  the  active  site  haxapeptlde  were  found  to  be  correctly  encoded,  with 
the  last  one  being  lysine  instead  of  phenylalanine  (i.e. ,  a  "permissive" 
change  in  terms  of  the  protein  properties).  Furthermore,  two  amino  acids 
adjacent  to  those  of  the  active  site  peptide  were  also  found  to  be  identi¬ 
cal  to  those  included  in  -the  active  site  peptide  as  reported  recently  by 
Lockrldge  and  LaDu  (90).  Ihis  implies  that  the  protein  encoded  by  this 
cDNA  is  clearly  close  in  its  properties  to  those  of  the  hunan  ChEs,  but  is 
probably  not  our  true  positive  either.  The  information  showing  these  data 
is  included  below,  and  additional  positive  cDNA  clones  (see  section 
4. 1.2.2.  above)  are  sequenced  as  well. 


THE  NUCLEOTIDE  .SEQUENCE  IS: 

0  10  20  30  40  50  60 

♦ 

CCCCCCTCCT  GrrrCCTGCO  CTTTCTCwTT  TTCCTGTGAA  ATCTCCGAGG  AGAAGAAAGA 
0  70  30  00 

♦ 

ATGATGGACA  GTTATCCTrC  ACTGCCACAA  GGGGG 


THE  TRANSLATED  SEQUENCE  PHASED  FRGH  POSITION  1 

0 

0  30  50 

CCC  CCT  TGT  GGC  AGr  GAA  GGA  TAA  CTG  TCC  ATC  ATT  CTT  TCT  TCT  CCT  CGG  AGA  TTT  CAC 

PRO  PRO  CYS  GLY  SER  GLU  GLY  END  LEU  3ER  ILE  ILE  LEU  SER  SER  PRO  ARG  ARG  PHE  HIS 

0  io 

AGG  AAA  AGG  AGA  AAG  CGC  AGG  AAA  CAG  GAG  GGG 

ARG  LYS  ARG  ARG  LY3  ARG  ARG  LYS  GLN  GLU  GLY 


61 


THE  TRANSLATED  SEQUENCE  PHASED  r  RJH  POSITION  2 

0 

0  Ji 

CCC  CTT  GrG  GCA  GrG  AAG  GAT  AAC  TGT  CCA  TCA  TTC  TIT  CTT  CTC  CT-  GjA  uAT  TL  A~A 

PRO  LEU  VAL  ALA  VAL  LYS  ASP  ASN  CYS  PRO  SER  PHE  PHE  LEU  LEU  LEU  GLY  ASP  PHE  THR 

GGA  AAA  GGA  GAA  Au.  GwA  GuA  AAw  AuG  AGu  jjj 

GLY  LYS  GLY  GLU  SER  ALA  GLY  ASN  ARG  ARG  GLY 

1 


THE  TRANSLATED  SEQUENCE  PHASED  ? R0H  POSITION  3 


CCC  TTG  TGG  CAG  TGA  AGG  ATA 
PRO  LEU  TAP  GLN  END  ARG  ILE 


ACT  vj 
THR 


32 

:at  cat  rcT  rrc 


GAA  AAG  GAG  AAA  GCG  CAG  GAA  A^A  GGA  GGG  GGG 
GLU  LYS  GLU  LYS  ALA  GLN  GLU  THR  GLY  GuY  GLY 


1 


oi 


rr:  tcc  tcg  gag  att  tca  cag 


VAL  HIS  HIS  SER  PHE  PHE  SER  SER  GLJ  ILE  SER  GLN 
•)2 


4. 1.2. 3.  Scrooning  moults  of  htamn  genorolc  OA  library  (N- terminal 
probes)  ^ 

The  Charon  4a  DNA  library  was  the  same  one  on  which  we  reported 
before,  prepared  by  partial  BooRl  digestion  from  peripheral  blood  cell  ENA 
(14,15).  The  probes  used  were:  (a)  a  mix  of  eight  26-mars  designated  NTES 
complementary  to  mRNA  coding  for  amino  adds  7-15  from  the  N- terminal  pep¬ 
tide  sequenced  by  T.  August  and  ooworkers  (personal  oommnlcatlon),  with 
the  four  nucleotides  at  positions  6,  9,  and  15  being  replaced  by  G,  G,  and 
C,  respectively,  and  (b)  a  mix  of  128  17-mars  designated  NnR,  oonplemen- 
tary  to  mRNA  coding  for  amino  adds  1-6  from  the  N- terminal  peptide  as 
sequenced  by  T.  Rosenberry  and  ooworkers  (12).  Three  genome  equivalents 
(7.5  x  10 5  phages)  were  screened,  using  25  petrl  dishes  of  15  or  far  the 
first  screen.  Hybridization  solution  contained  6  x  SSC,  5  x  Denhardt,  10 
nM  H7TA,  100  *ig/ral  salmon  sperm  ENA,  denatured,  and  20  ug/ml  of 
E .  ooll-denatured  ena.  Probes  were,  end-labeled  with  polynucleotide  kinase 
to  a  specific  activity  of  1.8  x  10°  cptn  of  Chsrenkov/pmol  and  80  x  10°  cpn 
were  included  in  80  ml  of  hybridization  mixture  with  50  duplicate  filters. 
Washes  were  4  x  40  min  at  room  temperature  followed  by  1  hr  at  52^c  in  3  x 
SSC. 

The  results  of  these  screens  were  as  follows: 


Table  II 

Results  of  cENA  screening  with  N- terminal  probee 
No.  of  positives 

Probe  1st  Screen  2nd  Screen  3rd  Screen  Saquanoed  clones 

NTES  18  5  5  1  (4  mismatches)  of 

1  (1  deletion,  1  26 

addition,  and  nucleotides 
1  mismatch) 

3  are  studied  at  present 


NITO  7  4  4  Currently  carried  out 


In  sunmary,  finding  the  human  CDNA  donee  appears  to  be  mare  diffi¬ 
cult  tan  we  arigianlly  pereived.  So  far,  we  have  screened  the  fetal  brain 
library  once  with  each  probe,  and  the  liver  library  only  once.  These 
screens  resulted  in  the  finding  of  four  positive  clones,  of  which  three 
were  found  to  be  false  positives  and  one  remains  to  be  9equenoed.  This  is 
in  complete  agreement  with  Wood  et  al.,  (81),  who  expect  the  ratio  between 
false  positives  and  true  ones  to  be  about  5:1  (see  previous  sections  for 
details).  Also,  it  is  possible  that  we  did  not  yet  cover  the  entire  rep¬ 
ertoire  of  the  brain  library  far  the  following  reasons: 

(a)  The  sequence  complexity  of  brain  mRNA  is  exceptionally  high; 

(b)  Part  of  the  cDNA  chains  may  be  incnplete,  which  implies  that  they  do 
not  necessarily  include  the  OPSYN  regio; 

(c)  There  is  a  possibility  of  selection  against  phages  which  carry  AChE 
cDNA  insert.  This  could  have  happened  during  the  amplification  of 
the  cDNA  library  (for  exarple,  because  of  their  large  size)  and 
would  decrease  the  number  of  AChE  cDNA  clones  below  their  rate  of 
abundance. 
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To  overcome  these  difficulties,  we  need  to  cover  a  larger  number  of 
phages  in  each  screen  to  find  the  true  positive  ones,  which  is  what  we 
have  just  started.  In  addition,  we  are  currently  preparing  overlapping 
probes  far  the  OPSYN  and  the  N- terminal  regions;  positive  hybridization 
with  both  probes  will  take  place  only  with  true  positives  and  will 
Increase  the  oartalnty  of  our  future  screening  efforts. 

4.2.  Level  of  mRNA 

4.2.1.  Crossed  inmunoelectraphareela  ae  used  to  detect  nascent  choiinest- 


Labeled  translation  products  directed  by  hunan  brain  mRNA  prepara¬ 
tions  from  different  brain  regions  and  fetal  development  stages  were  ana¬ 
lyzed  by  crossed  iimwoelectrophorasis  followed  by  autoradiography. 
Labeled  proteins  from  translation  experiments  In  which  human  mRNA  was  not 
added  were  analyzed  In  parallel,  as  oontnols.  The  labeled  lamunoprecipl- 
tates  appeared  In  the  crossed  lmunoslectrophoreels  plates  as  sharp,  thin 
arcs  of  [35S]methlonine-labelad  polypeptides,  with  rather  intense  radioac¬ 
tivity  and  high  resolution.  Plates  ware  loaded  with  only  2  si  of  reticu¬ 
locyte  lysate  translation  mixture  or  oocyte  homogenates.  These  volumes 
contained  about  104  cpm  of  TCA-lneoluble  proteins,  a  much  lower  amount  of 
labeled  protein  mixture  than  is  routinely  used  for  immunoprecipitatlon 
(see  76,  for  exanple).  This  Is  because  In  this  technique  the  imnunopreci- 
pitate  Is  mostly  retained  within  the  dried  agarose  network,  whereas  care¬ 
ful  washes  of  the  plates  ensure  low  levels  of  background  Irradiation  and 
increase  the  sensitivity  of  detection. 

The  use  of  the  combination  of  crossed  imnunoelectrophonasls  and  in 
vitro  translation  of  mRNAs  extracted  from  human  brain  tissue  for  the  Iden¬ 
tification  of  Individual  mRNA  products  was  Illustrated  using  Oocmassle 
blue-stained  gels  which  contained  plasma  standard  (see  The  Experimental 
Approaches)  as  carrier  In  order  to  Indicate  the  range  of  possible  plasma 
proteins  whose  mRNAs  might  be  prooont  in  the  product  from  the  in  vitro 
reticulocyte  translation  system.  The  middle  gel  contained  monospecific 
antibodies  and  showed  the  arc  for  the  oarxeepcnding  protein  which  was 
missing  from  the  top  gel  (containing  antiserum  against  whole  serum) .  This 
staining  thus  enphasized  the  nonospecificity  of  the  sera  employed.  The 
autoradiograms  prepared  from  these  plates  showed  which  of  the  precipita¬ 
tion  arcs  produced  by  plasma  proteins  were  also  labeled  by  [35S]  methionine 
and  were  synthesized  by  the  reticulocyte  lysate  system  In  the  presence  of 
mRNA  extracted  from  human  brain  tissue.  Autoradiograms  from  plates  pre¬ 
pared  from  control  experiments  in  which  no  mRNA  was  added  to  the  transla¬ 
tion  system  Indicate  that  there  Is  a  considerable  amount  of  radioactivity 
associated  with  albumin  and  a  broad  alpha^ -lipoprotein  peak  in  the  upper 
part  of  the  intermediate  gel.  There  was  only  very  faint  radioactivity 
associated  with  any  of  the  other  peaks  and  in  the  intermediate  gels  there 
was  no  radioactivity  corresponding  to  the  two  middle  plates.  This  is 
inportant  evidence  for  the  presence  of  mRNAs  for  plasma  protein-like  poly¬ 
peptides  In  the  brain  extract.  This  method  was  used  to  Identify  a  number 
of  plasma  protein  mRNAs  in  human  fetal  and  adult  brain  and  in  brain  tumor 
extracts.  The  results  are  summarized  In  Table  III. 

4.2.2.  Fetal  brain 

Poly(A)+RNA  was  extracted  from  a  series  of  hunan  fetal  brains  of 
10-18  weeks'  gestation.  The  mRNA  was  translated  as  described  (in  The 


PAGE  26 


AdmchM)  and  tht  pnxVicts  war*  run  in  crossed  immunoelec- 
trophccetlc  plataa  against  whole  luan  antiaarvm  using  a  mixture  of  fatal 
and  adult  plasma  as  a  carrier.  THar  was  clear  evidence  from  these  experi¬ 
ments  of  the  presence  of  sRNAs  for  ssvtral  plaana  proteins  in  the  hunan 
fetal  train  samples.  The  total  TCK-pracipi table  counts  applied  to  each 
plate  ware  similar  at  each  fatal  age,  indicating  that  the  level  of  mRNA 
activity  in  fetal  brain  at  10  to  18  weeks  waa  similar.  At  10  weeks  gesta¬ 
tion  transferrin,  Gc  globulin,  and  alpha^-anti trypsln-like  polypeptides 
were  dearly  present.  A  faint  peak  for  alpna- fetoprotein  was  alas  present 
at  10  weeks.  In  the  alpha-beta  region  there  were  several  flat  and  indis¬ 
tinct  peaks  that  were  difficult  to  identify,  even  whan  analyzed  in  the 
transparent  autoreadlograms.  By  14-16  weeks  gestation,  the  peak  far 
transferrin  was  larger,  with  a  higher  level  of  radioactivity,  and  the  peak 
for  alphas -antitrypsin  was  about  the  same.  However,  several  new  pedes 
were  now  clearly  apparent.  These  were  identified  as  alpha2-macxoglobulin, 
fibrinogen,  and  appeared  to  be  more  radioactive,  especially  those  of 
transferrin,  haptoglobin,  and  fibrinogen;  a  limwoprecipitatlon  arc  for 
ChB  was  identified  by  its  ooprecipitatsd  enzyme  activity,  using  the  method 
of  Kamovaky  and  Roots  (21).  The  control  (no  mRNA  added  to  the  transla¬ 
tion  system)  shewed  [35S]  -labeling  of  albunin  and  an  alpha  -lipoprotein, 
probably  due  to  nonspecific  adhesion  of  [35S»BthianlnB  Itself  or  of 
labeled  translation  products.  Alternatively,  an  of  the  material  syn¬ 
thesized  by  the  rabbit  reticulocyte  lysate  system  may  have  cross-reacted 
with  the  anti-albumin  and  anti-alpha^- lipoprotein  antiserum.  From  the 
reticulocyte  lysate  experiments,  it  was  therefore  nto  possible  to  distin¬ 
guish  whether  the  fetal  brain  aanplas  contained  nRNA  for  these  proteins. 

4.2.3.  Postnatal  brain 

GOeparleon  of  the  fetal  brain  mRNA  data  with  results  obtained  from 
three  different  regions  of  postnatal  hunan  brain  shows  soma  similarities 
but  also  interesting  differences.  In  all  three  regions  at  each  postnatal 
aga,  the  intensity  of  labeling  of  the  peaks  was  less  than  at  14  to  18 
weeks'  gestation. 

The  basal  ganglia  at  5  years  showed  all  of  the  mRNA  peaks  that  were  pres¬ 
ent  in  the  fetal  material  except  for  alpha. -fetoprotein.  With  the  excep¬ 
tion  of  the  peak  for  ChE,  the  mRNA  levels  at  5  years  in  this  brain  region 
ware  clearly  lees  than  those  inthe  whole  fetal  brain  at  14-18  weeks'  ges¬ 
tation.  In  the  postnatal  parietal  cortex,  there  were  fewer  mRNAs  detecta¬ 
ble  and  their  level  was  much  lower  than  in  the  postnatal  basal  ganglia  or 
in  the  whole  fetal  brain.  Only  transferrin  and  alphfi^macroglobul in- 1  ike 
polypeptides  were  seen  at  5  years,  and  alpha2~macroglobulln  and  haptoglo¬ 
bin  at  35  years.  The  pattern  of  mRNAs  for  hypothalamus  from  35  and  4 
years  was  similar  to  that  far  the  basal  ganglia,  but  the  mRNA  level  for 
transferrin  and  haptoglobin  oocmod  higher,  whereas  the  levels  for  ChE  and 
Gc  globulin  were  lower. 

4.2.4.  Brain  tumors 

Translation  products  from  samples  of  several  different  meningiomas  and 
gliomas  (see  29  and  69  for  details  regarding  these  tunor  tissues)  were  run 
In  crossed  immunoelectropharetic  plates  against  whole  hunan  serum  antise¬ 
rum  with  plasma  standard  as  carrier.  As  in  fetal  and  adult  brain  sarples, 
mRNAs  far  albunin  and  alpha2 -macroglobulin,  Gc  globulin,  and  haptoglobin. 
In  addition,  the  mRNA  for  ceruloplasmin  was  identified  in  meningioma  and 
that  for  alpha i  easily  precipi table  protein  was  found  in  glioma  tissue. 
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adult  brain  tiaaua  in  Table  III. 
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TABUS* 

iDBwrmcATMM  o»  mRNA  Tramlation  Product*  pok  Plasma  Protons  in  Six  Frtal  (10-0  Wnu  Gmtation)  and 
Ftv*  Adult  Human  Braim  and  m  Two  Samples  Each  or  Human  Msninoiomas  and  Guomas* 


Protein 

10 

Fetal  brain  (weeks) 

14  16 

18 

Adult  brain 

Meningioma 

Glioma 

o-Fetoprotein 

4 

4 

4 

4 

_ 

_ 

_ 

a, -Anti  trypsin 

♦ 

4 

4 

4- 

4 

± 

- 

lnter-o,-Tl 

- 

- 

- 

n.t. 

- 

n.t. 

or  Macroglobulin 

- 

4 

4 

4 

4 

4- 

4 

Ceruloplasmin 

n.t. 

- 

n.t. 

n.t. 

- 

4 

- 

Fibrinogen 

- 

4 

4 

4- 

4- 

± 

4 

Gc  Globulin 

4 

4 

4 

4- 

4 

4 

4 

Haptogiobulin 

- 

4 

4 

4- 

4- 

4 

4 

Hemopexin* 

- 

- 

- 

- 

- 

- 

Plasminogen 

- 

- 

- 

- 

- 

- 

Transferrin 

4 

4 

4 

4- 

4- 

- 

- 

d-lipoprotein 

4 

4 

4 

4 

4- 

4 

4 

e,-BFP 

- 

n.t 

n.t 

4- 

- 

4 

erHS* 

- 

- 

- 

- 

n.t. 

- 

n.t. 

Cholinesterase4 

4 

4 

4 

4- 

4- 

4 

No (a  +,  Positive  identification;  not  detected;  t,  positive  for  some  samples,  negative  for  other*  For  fetal  brain  samples  the  sgeUI  at  which 
poaitive  identification  was  obtained  is  indicated:  10,  14.  10.  and  18  weeks  gestation  n.t  -  not  tested 

*  Idsntiflcatioo  was  mads  as  described  under  Materials  and  Methods  and  as  illustrated  in  Fig.  1,  monospecific  antibody  to  each  protein  was 
iacludsd  in  the  intermediate  or  the  top  gel  of  croeeed  immunoeleclrophoretic  plates. 

*  Positive  in  oocyte  injection  experiments  Inler-a-Tl  *  inter-o-trypsin  inhibitor.  arEPP  3  a,-easily  prscipi table  protein.  *  *r 

Haremana  and  Schmid.  Samples  of  meningioma  were  negative  for  retinal  binding  protein.  arplasminogen  inhibitor.  C-reoctive  protein,  traaa- 
cortin,  and  thyroglobulin 

*  at-HS  contains  only  one  methionine  residue  thus  the  translation  product  might  not  have  been  labeled,  poeitive  in  oocyte  injection. 

4  Confirmed  by  mRNA  injection  into  Xenofms  oocytes  and  assay  of  esterase  activity. 
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There  mm  considerable  variation  in  the  riM  pmttmn  tram  primary  teora 
of  Urn  —  tl—  type,  and  not  anxi^i  tunr  amqpl  —  haw  ban 
for  It  to  bt  cl— a r  whether  than  ara  any  tiaaua  specific  differ vno—  In 
tha  plee—  protein  Mma  praaant  In  the  dlffarant  typ—  of  tunra. 

Additional  Info— Hon  about  pla— a  pcotalna  in  cerebral  turners  w— 
obtalnad  by  running  —  tracta  of  varloua  brain  t— ore  In  ero—  1— unoalac- 
traphcx— is  agalnart  —ti-h— an  aarua.  In  wary  tuaor  —tracta,  either  hap¬ 
toglobin  or  haaap— lnahoi—1  a  particularly  proad—nt  paak.  In  worn  tumors 
both  —ra  proadnant.  Slnoa  rfM  for  haptoglobin  was  identified  In  sqm 
turn  using  translation  In  ratlculocyta  lysate,  tha  haptoglobin  In  the 
tuaor  —tracta  w—  presumably  mainly  due  to  local  synthesis  of  this  pro¬ 
tein.  eRNA  for  haaepastin  was  identified  by  using  oocyte  injection  ( see 
below). 


4.2.5.  Synth— < a  of  plea—  proteins  in  adorolnjactad  oocyt— 

Antibodies  elicited  against  purified  eetura  proteins  often  do  not 
Interact  with  tha  nescient,  unprocessed  polypeptide  for—  of  the  as—  pro¬ 
teins.  Since  no  post-translaticnal  processing  tata—  place  in  vitro,  in 
reticulocyte  lyseta,  —  have  used  adcroinjectad  Xencpue  oocyt—  —  an 
additional  Como  translation  eyartae.  Mhan  eicroinj acted  into  oocytes 
togeth—  with  [™S]aethionine,  eaeaalian  SCA  efficiently  directs  the 
bicaynth— la  of  I3^] -labeled  polypaptid—  (a—,  for  — aaple,  76).  These 
than  undergo  various  post-translational  processing  events,  and  secretory 
protaina  are  correctly  transported  Into  tha  oocyt—'  Incubation  eadlin 
(for  a  recent  r— lew  a—  73).  Therefore,  —  uead  the  oocyt—  to  asaadne 
whethar  particular  plaa—  proteins  ara  produced  free  brain  eRNA  and  to 
find  out  whether  they  are  destined  to  be  secreted  in  the  brain. 

Plaa—  proteins  produced  in  Xanopue  oocyt—  eicroinj  acted  with  fetal 
brain  poly( A) -containing  RNA  together  with  [35S]  -eethionlne  were  ocapared 
with  the  translation  products  directed  in  vitro  by  fetal  brain.  Most  of 
the  prtaine  which  were  detected  in  the  autoradiogra—  of  the  in  vitro 
products  could  also  be  obeerved  in  autoradiogra—  of  oocyte  hceogenat— . 
An  esceptlon  w—  Oc  globulin  which  created  a  clear  precipitate  in  the 
crossed  I —ureal ectrophocesis  plat—  loaded  with  in  vitro  synthesized 
products,  but  not  in  plat—  for  the  oocyt—.  In  contrast,  haaopaatln, 
which  appaerad  to  be  one  of  the  —jar  products  In  the  oocyte  hcaioganate, 
w—  not  obearuat 1  among  the  in  vitro  products.  Different  levels  of  mRNA 
(repetition  an  rough  endoplasmic  polysomes  and  the  fact  that  post-transla- 
ticnal  processing  takes  place  in  the  oocyt—  but  not  in  reticulocyte 
lysate  (73)  may  explain  the—  differences. 

Albumin  and  alpha- lipoprotein  peaks  were  clearly  visible  in  the  oocyte 
extract  following  mRNA  injection  but  the  controls  wars  negative.  Thus, 
it  sea—  that  mRNA  for  the—  proteins  is  present  in  fetal  brain. 

Most  of  the  plasma  proteins  were  retained  within  the  oocyt—,  suggest¬ 
ing  that  they  are  normally  synthesized  in  the  brain  as  cytoplasmic  pro¬ 
teins.  An  exception  was  ChE;  earlier  experiments  involving  the  injection 
of  brain  mRNA  into  oocyt—  have  shown  that  most  of  the  synthesized  ChE  is 
secreted  (38,69).  It  is  also  known  that  in  vivo  ChE  is  secreted  into  the 
cerebrospinal  fluid  (7). 


4.2.6.  Hunan  brain  mRNA  is  translated  into  multiple  nascent  cholinesterase 
polypeptides 


Different  ChE  mRNAs  (69)  cxxild  all  be  translated  into  a  single  polypep¬ 
tide,  as  could  the  mRNAs  for  kininogen  (91)  and  glucagon  (92). 
Alternatively,  they  could  each  code  for  a  distinct  nascent  ChE  polypep¬ 
tide.  To  distinguish  between  these  inmunoprecipitated  the  [35S]  -labeled 
nascent  ChE  polypeptides  produced.  Since  the  concentration  of  ChE  mRNA 
appeared  to  be  very  low  (38),  we  took  special  precautions  to  reduce  to  a 
minimum  the  amount  of  immunoglobulins  employed  for  the  immunoprecipitation 
reaction  and  thus  to  prevent  nonspecific  backgoround  precipitation  (93). 
Under  the  conditions  employed,  the  anti-AChE  AE-2  monoclonal  antibodies 
(65),  but  not  an  irrelevant  monoclonal  antibody,  specifically  immunopreci- 
pitated  several  nascent  polypeptides,  with  clear  differences  in  their 
electrophoretic  migration  properties  in  a  gradient  polyacrylamide  gel. 
Since  size  is  the  major  criterion  for  separation  in  such  gels,  this 
implies  that  the  various  ChE  mRNAs  in  the  fetal  human  brain  give  rise  to 
several  nascent  polypeptides  of  different  lengths,  all  of  which  contain 
the  peptide  domain  which  immunoreacts  with  anti-AChE  antibodies.  It 
should  be  noted  that  these  may  include  polypeptides  other  than  AChE  poly¬ 
peptides,  if  these  contain  the  same  immunoreact i ve  domain. 

To  reveal  whether  the  nascent  polypeptides  leading  to  the  production  of 
AChE  differ  from  those  which  eventually  yield  pseudo- ChE,  we  employed 
crossed  Immunoelectrophoresis  in  gels  in  which  selective  antibodies 
against  either  AChE  or  pseudo- ChE  were  encased.  Our  observations  indi¬ 
cated  the  existence  of  non-cross  -  reactive  imnunoprecipitates  for  AChE  and 
peeudo-ChE  (93),  which  further  expands  the  variety  of  polypeptides  trans¬ 
lated  from  mRNAs. 

4.2.7.  Post- translat i onal  modifications  contribute  to  the  hete¬ 
rogeneity  of  hunan  brain  cholinesterases 

To  examine  the  possibility  that  post- translational  modifications  also 
contribute  to  the  heterogeneity  ofhunan  brain  ChEs,  we  employed  the  bcvo 
translation  system  of  microin j ected  Xenopus  oocytes,  in  which  such  modifi¬ 
cations  are  performed.  Oocytes  were  injected  with  poly( A) -containing  RNA 
frcm  fetal  hunan  brain  together  with  [^S] methionine,  and  oocyte  homogen¬ 
ates  and  incubationmeditiTi  were  subjected  to  crossed  immunoelectrophoresis 
and  autoradiography,  using  rabbit  antisera  against  AChE  and  pseudo- ChE, 
respectively.  The  electrophoretic  separation  in  agarose  gels  is  mainly 
based  on  charge  differences  (see  57  for  further  details).  Using  this 
technique,  we  detected  the  appearance  of  polymorphic  ChE  imnunoreactive 
polypeptides  with  distinguishable  migration  coordinates  in  both  the  oocyte 
homogenates  and  incubation  medium  This  indicates  that  in  addition  to  the 
size  and  sequence  differences  inherent  to  the  nascent  ChEs  which  were 
observed  in  the  in  vitro  irrmunoprecipitated  polypeptides,  post-transla¬ 
tional  modifications  alter  the  charge  of  the  newly  produced  ChEs.  The 
ChEs  observed  in  the  in  the  incubation  medium  displayed  limited  hetero¬ 
geneity  and  faster  migration,  as  ocrpared  with  the  intracellular  forms  of 
the  enzyme.  This  may  indicate  that  a  hydrophobic  apart  of  an  intracellu¬ 
lar  nascent  polypeptide  had  to  be  separated  to  enable  the  release  of  the 
enzyme  into  the  incubation  medium  in  a  soluble,  liydrophilic  form.  A  simi¬ 
lar  mechanism  with  the  same  effect  on  the  electrophoretic  migration  of  the 
enzyme  has  been  demonstrated  in  vitro  for  purified  hunan  erythrocyte  AChE 
(94). 


It  is  not  yet  clear  from  our  findings  whether  intracellular,  anphi- 
pathic  forms  of  the  enzyme  are  precursors  of  the  secreted,  soluble  forms 
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or  whether  each  was  produoed  from  a  different  nascent  polypeptide  chain. 
Molecular  cloning  and  DNA  sequencing  experiments  will  be  necessary  to 
reveal  whether  the  secretary  enzyme  is  formed  In  one  step  or  whether  it 
mirneente  enzyme  molecules  which  were  released  from  their  association 
with  the  membrane  by  natural  enzymatic  reactions. 


Hybridization-selection  experiments  were  enployed  to  confirm  that  the 
various  ChE  mRNAs  bear  sequence  homologies.  Different  ChE  cENAs  were  used 
to  hybrid-select  fetal  brain  ChE  mRNAs;  the  hybrid-selected  mRNAs  were 
microinjected  together  with  [35S]  methionine  into  Xenopus  oocytes  and 
oocyte  extracts  and  incubatiormediua  were  subjected  to  autoradiography. 
Multiple,  polymorphic  AChE  and  peoudo-ChE  catalytically  active  (14)  and 
lmmunoreactive  (93)  proteins  were  detected.  IHis  experiment  revealed  that 
although  AChE  and  pseudo-ChE  display  distinct  Immunological  domains  both 
the  mRNA  species  producing  these  enzyme  hybridize  to  several  ChE  cDNA 
clones.  Also,  the  various  forms  of  AChE,  which  exhibit  different  migra¬ 
tion  coordinates  on  the  crossed  immunoelectraphoretic  gels,  were  Indicated 
by  this  experiment  to  be  produoed  by  cross-homologous  mRNA  sequences. 
Table  IV  summarizes  the  evidence  we  accumulated  for  the  existence  of  vari¬ 
ous  cross-homologous  ChE  mRNAs  which  code  for  several  distinct  nascent 
polypeptides. 

Table  IV 


Different  cross-homologous  cholinesterase  mRNAs  contribute  to 
the  polymorphism  of  fetal  brain  cholinesterases. 

Experimental  indications  Reference  No. 

a.  Size  separation  of  fetal  brain  69 

mRNAs  translatable  into  various 

ChEs  In  oocytes 

b.  Production  of  various  fetal  15 

brain  CCNAs,  all  homologous  to  a 

single  AChE  gene 

c.  In  vitro  translation  of  fetal  93 

brain  mRNA  into  distinguishable  polypeptides 
limunoreactive  with  anti -AChE  or 
anti-peeudo-ChE  polyclonal  antibodies 

In  various  regions  of  the  fetal  brain,  AChE  activity  was  ca.  35-50%  low 
salt-soluble  and  45-65%  detergent-soluble  throughout  brain  development 
(13).  This  inplies,  in  agreement  with  Gennari  and  Brodbeck  (95),  that  a 
considerable  part  of  fetal  brain  AChE  contains  a  hydrophobic  domain.  This 
Observation  could  explain  the  slow  electrophoretic  migration  of  part  of 
the  mRNA  -directed  brain  AChe  produoed  in  microinjected  oocytes  and  ana¬ 
lyzed  by  crossed  inmuroelectrophoresis . 


4.3  Level  of  the  Active  Ehzyme  Protein 
4.3.1  Cholinesterases  in  adult,  fetal,  and 


c  brain  tissues 
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regions  of  developing  fetal  brain,  and  in  a  collection  of  primary  brain 
tumors  consisting  of  primarily  gliomas  and  meningiomas.  All  of  these  tis¬ 
sue  sources  contained  substantial  amounts  of  ChE  activities,  wiht  several 
tissue  samples  expressing  exceptionally  high  levels.  In  normal  mature  and 
fetal  brain  and  in  meningiomas,  AChE  accounted  for  almost  all  of  the  ChE 
activity,  but  in  almost  all  gliomas,  elevated  levels  of  pseudeo-ChE  could 
be  detected.  Two  major  forms  of  AChE,  sedimenting  as  10-11S  and  4-5S, 
respectively,  were  detected  on  sucrose  gradients  in  most  of  the  mature  and 
fetal  brain  regions  examined  (13)  and  in  gliomas.  In  meningiomas,  a  light 
(4-5S)  form  was  the  principal  component  (40).  The  10S  and  the  4S;  forms 
of  brain  AChE  appeared  to  possess  similar  catalytic  properties,  as  indi¬ 
cated  by  their  individual  Kin  values  toward  [^H] acetylcholine  (ca.  4  x  10 
“2  M)  and  their  interaction  with  selective  inhibitors. 

4.3.2  Divergent  regeneration  of  acetylcholinesterase  and  muscarinic  cho¬ 
linergic  receptors 

To  examine  whether  AChE  activity  in  th  ebrain  is  ooregulated  with  other 
cholinoceptive  properties,  the  muscarinic  binding  activity  in  these  brain 
tissues  was  examined,  using.  the  muscarinic  antagonist 
[^H]  N-methyl -4-piper idyl  benzilate  (pH]4NMPB]).  Individual  data  for  ChE 
activity  were  divided  by  the  corresponding  values  for  the  density  of 
[^H]  -4W1PB  binding  sites,  and  average  values  of  these  arbitrary  ratios 
were  calculated  for  the  different  tissue  types.  In  most  stages  of  brain 
development,  the  average  arbitrary  ratios  showed  a  tendency  to  decrease 
with  maturation.  The  average  values  and  variability  ranges  in  the  fetal 
brain  were  83  ±  50  and  19  *  19  at  14  and  24  weeks'  gestation,  respec¬ 
tively.  The  parallel  value  calculated  for  the  collection  of  brain  tumors 
composed  of  undifferentiated  brain  cells  was  86  *  66,  and  in  mature  post¬ 
mortem  brain  samples  it  was  as  low  as  11  *  8,  as  calculated  from  the  data 
described  by  Gurwitz  et  al. ,  (41)  and  Egozi  et  al. ,  (39).  These  observa¬ 
tions  suggest  that  if  a  correlation  exists  between  muscarinic  receptors 
and  ChE  levels  in  glial  tumors,  it  differs  from  that  of  the  normal ignant 
matur  brain  tissue.  In  addition,  the  developmental  decrease  of  the 
ChE: muscarinic  receptors  ratio  indicates  that  AChE  is  also  involved  in 
functions  other  than  cholinergic  transmission  in  the  developing  hunan 
brain. 


4.3.3.  Hunan  antibodies  against  muscle  membrane  aoety lchol inesterase 

Serun  from  a  patient  suffering  from  neuromuscular  dysfunction  was  exam¬ 
ined  for  its  ability  to  hydrolyze  [^H]  acetylcholine.  The  level  of 
[^H]  acetate  released  was  below  0.10  rmol/hr/id  of  serum;  under  the  same 
conditions,  normal  hunan  serum  releases  about  50  nmol  of 
[^H]  acetatae/hr/wl .  To  examine  whether  the  absence  of  ChE  activity  in  the 
tested  serun  was  due  to  the  presence  of  anticholinesterase  antibodies,  we 
subjected  hunan  AChE  to  indirect  imrnunoprecipi taticn .  The  enzyme  was 
extracted  form  fetal  brain  tissue  with  salt  and_  ncn-ionic  detergent  and 
its  specific  activity  was  examined  by  measuring  [^Hjacetyldholine  hydroly¬ 
sis  in  the  presence  of  10~5  M  iso-CMPA,  which  selectively  blocks 
peeudo-ChE  activity  (10),  and  of  protease  inhibitors.  The  tested  serun  and 
normal  hunan  serum,  which  served  as  control,  were  diluted  by  1:10  and  AChL 
activity  was  determined  separately  in  the  supernatants  and  in  the  redis¬ 
solved  precipitated  pellets,  under  these  conditions,  the  enzmatic  activ¬ 
ity  of  the  brain  AChE  in  the  AChE  in  the  supernatant  was  reproducibly 
reduced  by  about  40%. 
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Arrti-AChE  antibodies  do  not  necessarily  Inhibit  the  enzymatic  activity 
of  AChE.  However,  in  this  case,  the  AChE  activity  was  considerably 
reduced  (by  up  to  80%)  In  the  iinnunoprecipitated  pellet.  This  decrease 
could  not  be  due  to  proteolytic  degradation  of  AChE,  since  we  included  a 
potent  mixture  of  protease  inhibi tiers  in  the  reactions.  This  implied 
that  the  tested  serun  contained  one  or  mare  types  of  anti -AChE  antibodies, 
at  least  some  of  which  inhibit  the  catalytic  activity  of  hie  enzyme. 

4.3.4.  Direct  ifliamopreclpitation  of  human  acetylcholinesterase 

Purified  AChE  from  huran  erythrocytes,  received  from  Dr.  U.  Brodbeck, 
was  reaiolabeled  with  1Z5I  and  incubated  with  the  examined  serum  in 
1:10,000  dilution  or  with  normal  hunan  serun  for  control,  under  these 
conditions,  the  tested  serun  specifically  immunoprecipitated  60%  of  the 
radloactively  labeled  enzyme.  Since  most  of  the  clinical  symptoms 
observed  were  directly  related  to  neuromuscular  dysfunction  and  muscle 
atrophy,  we  were  interested  to  find  out  whether  the  tested  serun  would 
also  display  the  ability  to  immunoprecipitate  the  membrane-associated 
fraction  of  muscle  AChE.  Direct  immunoprecipitation  of  fetal  muscle 
enzyme,  extracted  with  salt  and  detergent,  revealed  that  the  antibodies 
interacted  efficiently  with  this  enzyme  as  well,  reducing  the  activity  of 
the  enzyme  by  20  and  35%  in  1:500  and  1:10,000  dilutions,  respectively. 

To  confirm  the  imnunological  nature  of  the  process  leading  to  this  pro¬ 
nounced  decrease  in  the  enzymatic  activity,  we  subjected  both  the  tested 
and  the  control  sera  to  preadsorption  of  serun  immunoglobulins  onto  goat 
antibodies  against  the  human  Fab  determinant,  bound  to  Sepharose  beads. 
This  treatment  completely  abolished  the  Immunoprecipitation  of  AChE  activ¬ 
ity. 


4.3.5.  Preferential  precipitation  of  salt-and  detergent-extractable  ace¬ 
tylcholinesterase  from  fetal  muscle 

In  these  experiments,  we  oenpared  the  precipitation  of  buffer-soluble 
muscle  AChE  to  that  of  the  salt-  and  detergent-extractable  muscle  enzyme. 
The  latter  fraction  contains  the  membrane-associated  forms  of  AChE  and  is 
particularly  enriched  with  the  collagen- tailed  forms  of  AChE  that  disap¬ 
pear  from  the  neuromuscular  junctions  of  denervated,  atrophied  muscles 
(9).  Precipitation  was  determined  by  assaying  the  activity  in  the  super¬ 
natant  after  centrifugation.  This  activity  presents  a  maximum  at  interme¬ 
diate  serun  dilutions,  since  precipitation  does  not  occur  if  dilution  is 
too  high  or  too  low.  The  optimal  dilution  for  immunoprecipitation  of  the 
salt-  and  detergnet-extr actable  enzyme  ranged  around  1:100,000,  whereas 
the  buffer-soluble  muscle  enzyme  precipitated  best  at  serun  dilution  of 
about  1:2000.  Furthermore,  the  efficiency  of  precipitation  of  the  salt- 
and  detergent-extractable  AChE  appeared  to  be  significantly  higher  than 
that  of  the  buffer-soluble  enzyme  (43%  vs.  32%  at  optimal  serun  dilu¬ 
tions). 


When  direct  innunoprecipitation  of  AChE  was  examined  with  salt  and 
detergent  extracts  from  several  other  fetal  tissues,  the  preferential 
Immunoprecipitation  of  the  membrane-associated  muscle  enzyme  was  also 
found  to  be  tissue-specific . 

Salt-  and  detergent-extractable  AChE  from  brain,  liver,  heart,  and  adre¬ 
nal  could  be  liimunoprecipitated  best  at  serun  dilutions  ranging  between 
1:2000  and  1:8000,  which  is  much  more  concentrated  than  the  1:500,000 
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dilution  of  serum  required  for  the  optimal  precipitation  of  the  membrane- 
associated  enzyme  from  striated  muscle. 


5.  DISCUSSION 

of  Plasma  Proteins  in  the  Hunan  Brain 


This  report  presents  evidence  for  the  presence  of  mRNAs  for  ChEs,  as 
well  as  for  a  number  of  other  plasma  proteins,  in  human  brain  tissue  from 
several  different  sources.  This  confirms  and  extends  previous  studies 
showing  the  presence  of  mRNA  for  transferrin  in  postnatal  and  adult  rat 
brain  (56),  for  ChEs  in  the  human  brain  (69),  and  for  several  plama  pro¬ 
teins  in  postnatal  rat  cerebellum  (57).  Thus,  it  is  possible  that  in  non- 
cholinergic  neurons  and  in  other  cell  types  in  the  brain,  ChEs  are 
expressed  as  plasma  protein(s)  rather  than  as  neurotransmitter-hydrolyzing 
enzymes.  The  present  observations  may  explain  the  presence  of  several 
plasma  proteins  in  human  fetal  brain,  demonstrated  by  immunoperoxidase 
histochemistry  proteins  in  human  fetal  brain,  demonstrated  by 
imrnunoperoxidasehistochemistry  (58).  The  combination  of  in  vitro  and  in 
ovo  translation  with  crossed  Immunoelectrophoresis  and  autoradiography, 
which  we  used  in  this  study,  has  been  estimated  to  be  one  to  two  orders  of 
magnitude  more  sensitive  than  methods  previously  used  for  immunoprecipita- 
tion  of  translation  products  (see  57).  This  may  explain  why  we  have  been 
successful  in  obtaining  evidence  far  mRNAs  for  plasma  proteins  in  fetal 
brain  when  others  have  not  (53,96).  Possible  problems  which  may  be  asso¬ 
ciated  with  the  present  method  have  been  discussed  in  detail  in  57.  The 
controls,  in  which  no  mRNA  has  been  added  to  the  translation  system,  are 
particularly  important,  since  they  show  substantial  radioactivity  attached 
to  albumin  and  alphas -lipoprotein  and  occasionally  weakly  attached  to 
other  usually  unidentifiable  proteins.  In  the  presence  of  such  positive 
controls,  it  is  not  possible  to  be  sure  whether  or  not  mRNA  for  these  pro¬ 
teins  was  present  in  the  experimental  samples.  However,  the  results  of 
the  oocyte  injection  experiments  suggest  that  mRNA  for  both  of  these  pro¬ 
teins  was  present  in  the  developing  brain.  Seme  mRNAs  may  not  have  been 
detected,  either  because  the  translation  conditions  were  not  appropriate 
(97)  or  because  post-translational  modifications  do  not  generally  occur  in 
the  reticulocyte  lysate  used.  Also,  the  physiological  state  of  the  brain 
sartples  used  in  this  study  was  likely  to  have  been  suboptimal;  it  is  pos¬ 
sible  that  mRNAs  for  same  proteins  might  be  more  affected  than  others  by 
deterioration  postmortem.  Thus,  a  negative  result  is  inconclusive. 

Mollgard  and  Jacobsen  (58)  described  the  distribution  of  several  plasna 
proteins  in  developing  human  fetal  brain.  Of  those  which  they  studied,  we 
now  have  evidence  that  mRNAs  for  alpha-  fetoprotein ,  alpha -^-antitrypsin, 
and  transferrin  are  present  in  the  human  fetal  brain. 


In  addition,  there  is  evidence  from  in  vitro  amino  acid  incorporation 
experiments  that  alpha- fetoprotein,  albumin,  and  transferrin  are  synthes¬ 
ized  by  developing  brain  (48,52).  The  demonstration  of  mRNAs  for  other 
plasma  proteins,  such  as  Go  globulin  and  haptoglobin,  suggests  that  these 
products  may  also  be  demonstrable  wi thing  the  developing  brain  by  imnuno- 
histochemical  techniques. 


Secretory  proteins  are  generally  produced  from  mRNAs  which  include  a 
region  coding  for  an  N- terminal  signal  peptide,  to  be  cleaved  prior  to  the 
secretion  process  (98).  In  mRNA-microin j ected  oocytes,  secretory  proteins 
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will  appear  in  the  incubation  mediun  (73).  CXxr  nrLcroinj  action  results 
imply  that  in  the  brain,  most  of  the  immunoprecipi table  plasma  proteins 
are  mostly  secreted.  It  should  be  noted  that  this  observation  corrobo¬ 
rates  previous  observations,  in  which  activity  was  mostly  detected  in  the 
incubation  medium  of  oocytes  injected  with  brain  mRNA  (38,69). 


The  significance  of  the  presence  of  these  plasma  proteins  within  cells 
in  the  developing  and  mature  brain  is  not  known.  Most  functions  ascribed 
to  plasma  proteins  relate  to  their  presence  in  plasma  Serum,  particularly 
fetal  serum  is  commonly  used  far  the  culture  of  many  cell  types  and  dif¬ 
ferent  tissues.  Pertain  individual  plasma  proteins  have  been  described  as 
having  growth-promoting  effects  in  cell  culture  systems.  Par  example, 
transferrin  is  a  constituent,  in  most  "defined  media"  (99); 
alpha2 -macroglobulin  (100)  and  fetuin  (101)  have  been  described  as  having 
various  grtxrth-promoting  effects  on  cells  and  tissues  in  culture. 
However,  it  is  the  intracellular  production  and  localization  of  plasma 
proteins  within  cells  in  the  nervous  system  that  seem  intriguing. 
Immunocytochemical  studies  of  human  fetuses  and  fetuses  of  other  species 
(for  reference,  see  102)  show  that  the  plasma  proteins  have  an  intracellu¬ 
lar  and  not  an  extracellular  distribution.  It  is  not  likely  that  any 
extracellular  plasma  protein  would  have  been  lost,  since  the  cerebrospinal 
fluid  eusually  stains  strongly  for  individual  proteins.  The  only  plasma 
protein  with  an  intracellular  localization  that  has  so  far  bean  implicated 
in  neuron  function  is  transferrin  and  sciatin  have  been  shown  to  have 
trophic  effects  on  myoblasts  in  culture  (103).  It  is  possible  that  same 
plasma  proteins  are  extracellular  members  of  families  of  proteins  that 
also  have  an  intracellular  distribution.  Individual  proteins  may  have 
small  differences  in  their  amino  acid  sequences  that  are  not  detectable  by 
polyclonal  antisera.  Serum  transferrin  and  sciatin  may  be  members  of  a 
transferrin  family  (103).  Another  example  may  be  albumin  and  beta-aciti- 
nin.  The  latter  is  found  in  muscle  and  appears  to  be  indistinguishable 
from  albumin  by  physicochemical  and  immunological  criteria  (104).  Another 
suggestive  observation  is  that  of  Mollgard  et  al . ,  (48),  who  showed  that 
in  fetal  sheep  neocortex,  most  of  the  cells  in  the  early  cortical  plate 
contain  fetuin  but  the  innervating  fibers  cneither  side  of  the  cortical 
plate  contain  transferrin.  These  fibers  are  thought  to  originate  from 
brain  stem  and  midbrain  nuclei,  where  there  are  many  transferrin  positive 
fetuin-positive  perikaria  in  the  cortical  plate  is  known  to  be  an  area  of 
intense  synaptogenesis  (105);  thus,  it  is  possible  that  some  plasma  pro¬ 
teins  are  involved  in  this  process  or  in  sane  other  interactions  between 
different  populations  of  neurons. 


It  is  not  clear  from  the  present  study  which  cell  types  contained  the 
extracted  mRNA.  It  is  possible  that  haptoglobin  and  hemopexin  are  present 
in  extramedullary  hemopoietic  cells  which  have  been  described  in  fetal 
brain  (106).  The  observation  that  mRNA  for  transferrin  was  present  in 
fetal  and  adult  brain  but  not  in  the  samples  of  either  glioma  or  meningi¬ 
oma  suggests  that  the  transferrin  may  originate  from  neurons.  This  con¬ 
clusion  is  supported  by  immunocytochemical  findings  (e.g.  58).  Further 
immunohistochemical  studies  are  required  to  identify  the  cells  of  origin 
of  the  various  plasma  protein  mRNAs  identified  in  this  study.  The  find¬ 
ings  presented  int  his  report  also  demonstrate  that  ChEs  and  muscarinic 
binding  sites  are  expressed  in  various  regions  of  the  fetal  human  brain 
with  different  developmental  patterns,  dependent  both  on  the  cell  type 
composition  and  on  the  gestational  age  of  the  examined  regions.  This 
strongly  suggests  the  existence  of  divergent  regulation  for  ChEs  and  for 
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muscarinic  acetylcholine  binding  sites  In  the  developing  hunan  brain. 


5.2  Divergent  Regulation  of  Cholinesterases  and  Muscarinic  Receptors  in 
the  Human  Brain 

The  analysis  of  enzymatic  activities  and  receptor  binding  assays  is 
rather  complicated  in  postmortem  fetal  brain  tissues  because  of  the  incom¬ 
plete  knowledge  regarding  the  biological  background  and  the  exact  maturity 
stage  of  the  fetuses.  We  therefore  took  several  precautions  in  order  to 
minimize  these  difficulties.  Experiments  were  performed  only  in  brain 
samples  which  appeared  to  be  representative  in  terms  of  brain  region  size 
and  protein  concentration  (107).  Various  inhibitors  were  added  to  the 
tissue  homogenates  to  prevent  destructive  changes  in  ChEs  during  the  pro¬ 
longed  incubations,  and  each  analysis  was  carried  out  in  parallel  on  sev¬ 
eral  dissected  brain  areas  from  various  developmetnal  stages.  THe  consid¬ 
erable  [3H]4fWPB  binding  and  enzymatic  activities  in  these  homogenates, 
the  clear  developmental  patterns  of  the  density  of  muscarinic  binding 
sites  and  the  general  similarity  of  our  findings  with  the  reported  proper¬ 
ties  of  muscarinic  receptors  (25)  and  of  ChEs  (40)  from  postnatal  human 
brain  (see  also  108)  and  the  brains  of  other  species  suggest  that  these 
findings  are  reflective  of  the  true  in  vivo  ccnpositicn  of  cholinergic 
constituents  in  the  fetal  hunan  brain.  It  should  be  noted,  however,  that 
the  amount  of  postmortem  change  that  has  occurred  in  each  tissue  sample 
remains  unknown,  this  issue  may  be  of  significance  for  the  developmental 
profiles  of  muscarinic  receptor  density  and  AChE  activities.  Thus,  the 
decrease  in  the  density  of  muscarinic  receptors  in  several  of  the  22-week 
sanples  has  been  seen  as  a  single  observation  on  an  otherwise  continually, 
more  smoothly  changing  profile  for  several  regions.  Likewise,  in  the  cor¬ 
tical  regions  there  is  an  abrupt  increase  in  the  18-week  sanples.  While 
these  nondevelopmental,  postmortem  changes  oculd  play  a  significant  role. 

In  previous  studies,  we  observed  that  primary  human  brain  tumors  of 
gliogenous  origin  display  both  ChE  activities  (69,  40)  and  muscarinic 
binding  properties  (39),  suggesting  that  both  may  be  expressed  also  by 
nonneuronal  cells.  Furthermore,  the  ratio  between  ChE  activity  and  the 
density  of  muscarinic  receptors  was  higher  by  about  9-fold  in  dedifferen¬ 
tiated  glioblastoma  tumors  present  findings  strongly  suggest  that  high 
ratios  between  the  levels  of  ChEs  and  muscarinic  binding  sites  are  not 
limited  to  the  malignant  state,  but  are  cannon  to  nondifferentiated  brain 
tissues  in  general.  A  survey  of  the  literature  shows  that  the  regional 
distribution  of  muscarinic  binding  sites  remains  unchanged  in  the  brain  of 
Alzheimer's  type  dementia  patients,  in  spite  of  the  extensive  loss  in  ChE 
(6).  This  is  also  observed,  although  to  a  limited  extent,  in  the  brains 
of  elderly  patients  (109)  and  was  confirmed  by  morphological  analysis  of 
senile  degeneration  areas  in  the  brain  (32).  Altogether,  this  information 
implies  that  in  brain  areas  where  the  cholinergic  circuits  are  damaged, 
the  ratio  of  ChEimAChR  should  be  considerably  lcwer  than  that  observed  in 
the  mature,  healthy  brain.  Thus,  ChErmAChR  ratios  can  be  indicative  both 
of  the  differentiation  state  and  of  the  integrity  of  cholinergic  function¬ 
ing  of  an  examined  brain  area. 

it  is  clear  that  the  excess  ChE  activity  in  nondifferentiated  brain 
tissue  is  not  required  for  operaticng  in  cholinergic  circuits.  This  is 
not  surprising  in  view  of  the  accumulating  evidence  which  suggests  that  a 
substantial  portion  of  this  enzyme  in  the  brain  is  probably  involved  in 
processes  unrelated  to  the  hydrolysis  of  acetylcholine.  Activities  of  ChEs 
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have  recently  been  shown  to  be  unaffected  by  blocking  ■tire  cholinergic  site 
with  selective  inhibitors.  Of  these,  the  most  substantiated  is  the  pepti¬ 
dergic  activity  on  specific  neuropeptides  (far  exanple,  substance  P  and 
Met- and  Leu-Bnkephallns)  (see  19).  Thus,  it  is  possible  that  in  differen¬ 
tiating  brain  cells,  ChEs  are  also  involved  in  unrelated  pathways,  such  as 
the  specific  hydrolysis  of  certain  peptides,  perhaps  growth-related  ones. 
It  should  be  noted  that  growth-related  functions  have  already  been  sug¬ 
gested  for  ChEs  in  a  number  of  embryonic  tissues  of  the  thalamus  in  the 
primate  brain  (45).  In  the  developing  chicken  brain,  the  transient 
appearance  of  ChEs  in  particular  cell  layers  has  been  correlated  with  cell 
migration  and  tissue  reorganization  (44).  In  WRL-1QA  mouse  fibroblasts 
(111)  and  in  megakaryocytes  (112,  113),  ChEs  appear  to  be  related  to  cell 
division  and  growth.  In  addition,  considerable  levels  of  ChEs  were 
detected  in  various  neoplastic  tissues,  such  as  ovarian  carcinomas  (43) 
and  brain  tumors  of  glial  and  mesenchymal  origin  (40). 


The  detailed  processes  leading  to  the  development  of  connectivities  in 
the  hunan  brain  in  general  and  of  its  cholinergic  circuits  in  particular 
are  still  largely  obscure.  Our  present  observations  deepen  the  undersand¬ 
ing  of  sane  aspects  in  this  process  and  show  that  different  molecules 
which  participate  in  the  functioning  of  cholinergic  circuits  appear  at 
different  rates,  with  various  onset  times  and  under  divergent  regulatory 
mechanisms  in  discrete  areas  of  the  fetal  human  brain. 


5.3.  Anti 
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lcholinesterase  Antibodies  as  Involved  in  Neuromuscular 


The  history,  clinical  course,  laboratory  tests,  and  bedside  examina¬ 
tions  of  the  patient  described  in  this  report  were  all  indicative  of 
defective  transmission  in  neuromuscular  juctions,  with  symptoms  that  were 
clearly  distinguishable  from  those  observed  in  all  of  the  familiar  disease 
categories  with  chronic  muscle  weakness  and  fluctuating  course  (114). 
However,  the  disease  had  features  common  with  those  reported  for  intoxica¬ 
tion  with  anti-AChE  agents  in  general  (115,  116)  and  with  organophospho¬ 
rous  poisons  in  particular  (61,  62,  63).  Furthermore,  minute  quantities 
of  serum  form  the  examined  patient  inhibited  and  precipitated  the  activity 
of  AChE  from  various  human  tissues,  with  an  efficienty  similar  to  that 
reported  by  Marsh  et  ad.,  (66)  far  rabbit  antibodies  raised  against  puri¬ 
fied  rat  brain  AChE,  and  with  special  preference  toward  the  membrane-asso¬ 
ciated  fraction  of  muscle  AChE.  This  inhibition  depended  on  the  presence 
of  immunoglobulins  and  was  not  affected  by  protease  inhibitors,  confirming 
that  it  involved  an  immunological  interaction.  Altogether,  these  observa¬ 
tions  implied  that  AChE  in  neuromuscular  junctions  was  the  target  far  the 
primary  lesion  in  this  disease,  and  that  antibodies  against  this  enzyme 
played  a  major  role  in  the  etiology  and  the  pathophysiology  of  the  chronic 
neuromuscular  dysfunction  in  this  patient. 


Inhibition  of  neuromuscular  AChE  by  antibodies,  as  by  other  anti-AChE 
compounds,  would  lead  to  accumulation  of  acetylcholine  in  the  synaptic 
cleft.  This  would  cause  a  persistent  depolarization  and  subsequent  desen- 
sitizaticn  of  the  postsynaptic  membrane,  inducing  muscle  paresis  (115, 
116).  Other  mechanisms  may  also  cause  muscle  and  nerve  injury,  either 
directly,  as  was  exhibited  by  the  application  of  AChE-blocking  agents 
(115,  116),  or  by  secondary  adaptation  phenomena,  as  was  demonstrated  in 
nunerous  neuromuscular  disorders  (117-122).  An  exanple  of  the  extensive 
damage  which  can  be  caused  by  antibodies  to  neuromuscular  functioning  is 


the  effect  elicited  by  antibodies  against  the  acetylcholine- synthesizing 
enzyme,  choline  acetyl  transferase  (123).  All  of  these  forms  of  lesions 
join  to  create  the  impairment  of  neuromuscular  junctions  which  is  mani¬ 
fested  in  the  examined  patient.  The  histological  wer  consistent  both  with 
neuropathy  and  with  myasthenic-like  lesions  (119),  in  agreement  with  the 
role  attributed  to  ant-AChE  antibodies  In  htis  case.  An  Important  conclu¬ 
sion  to  be  drawn  from  this  research  is  that  both  histological  analysis  of 
muscle  biopsies  and  electrodi agnostic  measurements  may  indicate  the  exis¬ 
tence  of  a  neuromuscular  disease,  but  are  not  sufficient  to  diagnose  con¬ 
clusively  which  of  the  components  of  the  neuromuscular  junction  was  sub¬ 
ject  to  the  primary  Injury. 

Anti-AChE  antibodies  may  recognize  an  epitope  which  is  common  to  all  of 
the  farms  of  ChEs  in  various  tissue  and  cell  types  (8).  In  this  case,  the 
specific  activity  of  both  serum  ChE  and  red  blood  cell  AChE  would  be  con¬ 
siderably  reduced,  as  was  the  case.  When  most  of  the  ChE  activity  is 
inhibited,  oonplete  block  of  the  remaining  minute  amounts  of  functioning 
enzyme  by  an  anti -AChE  drug  such  as  edrophoniun  would  lead  to  loss  of  mus¬ 
cle  control  and  add  autonomic  synptcms  to  the  clinical  picture,  in  con¬ 
trast  with  the  inparvement  effect  which  this  drug  has  on  myasthenic 
patients.  However,  the  blood-brain  barrier  would  prevent  the  anti-AchE 
antibodies  farm  blocking  the  brain  enzyme,  in  agreement  with  the  lack  of 
higher  function  Impairment  which  was  observed  In  the  examined  patient. 
Our  experiments  demonstrated  that  the  antibodies  detected  in  the  examined 
serum  wer  capable  of  inhibiting  and  immunopreclpitating  membrane-associ¬ 
ated  AChE  from  various  human  tissues,  with  preferential  interaction  toward 
the  membrane-associated  AChE  from  muscle.  This  would  be  expected  from 
antibodies  against  an  Immunogenic  epitope  cannon  to  multiple  ChE  forms, 
but  preferentially  exposed  in  the  membrane- associated  muscle  enzyme. 
Alternatively,  or  in  addition,  there  could  be  different  types  of  anti-AChE 
antibodies  in  the  diseased  serum.  Seme  of  these  would  be  directed  against 
common  epitopes,  but  would  display  weak  binding,  while  other  anti-AChE 
antibodies  in  the  same  serum  would  exclusively  interact  with  the  membrane- 
associated  forms  of  muscle  AChE  with  high  efficiency  (for  example,  these 
could  recognize  the  collagen-like  "tail"  specific  to  these  forms). 

Two  cases  in  which  the  reported  synptcms  wer  close  to  those  of  the 
examined  patient  are  both  related  to  defects  in  AChE  expression.  These  ar 
a  congenital  defect  specific  to  the  tailed  form  of  muscle  AChE  (122)  and 
the  development  of  anti-AChE  antibodies  in  a  myasthenic  patient  who  suf¬ 
fered  from  thymoma  (124).  It  is  difficult  to  postulate,  based  on  our 
observations,  what  caused  the  appearance  of  anti-AChE  antibodies  in  the 
presently  described  case.  These  could  be  primarily  elicited  against  the 
enzyme  itself,  either  from  an  external  or  from  an  autologous  origin,  in 
the  form  of  an  autoimmune  disease.  Additional  regulatory  mechanisms,  such 
as  anti-idiotypic  antibodies  against  these  primary  anti-AChE  ones, may  then 
complicate  the  course  of  the  disease  and  induce  fluctations  in  the  inten¬ 
sity  of  inhibition.  The  presence  of  anti-idiotypic  antibodies  in  myasthe¬ 
nia  gravis  has  already  been  demonstrated  (125-127). 

Another  putative  origin  for  tliis  disease  could  be  a  carpi  ex  immunologi¬ 
cal  response  to  prolonged,  subacute  intoxication  by  organophosphate  poi¬ 
sons.  The  increased  use  of  these  oorpounds  as  insecticides  in  Israel  is 
reflected  in  a  number  of  recent  cases  of  chronic  subacute  poisoning  (128), 
and  it  is  possible  that  in  other  cases  anti  -organophosphate  antibodies 
would  be  elicited.  If  these  act  also  as  antigens,  anti -idiotypic 
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suggests  that  we  any  need  an  expression  system  of  mammalian  origin  to 
produce  nature  AChE  from  cloned  AChE  cCNA. 

5.  To  uee  such  a  cions  originated  AChE  for  therapeutic  purposes,  it 
will  be  ijqportant  to  prevent  Immunological  reaction  against  the  injected 
enzyme.  For  this  reason,  we  searched  far  the  appear  acne  of  anti-AChE 
antibodies  in  humans. 

We  discovered  autoimmune  antibodies  against  human  muscle  membrane  AChE  in 
a  case  of  severe  neuromuscular  dysfunction.  The  prevalence  and  character¬ 
istics  of  this  phenomenon  are  currently  being  studied. 
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